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I. Introduction. 

Ill the extreme east of the Bombay Presidency lies the very important cotton 
tract known as Khandesh, forming the south-east extremity of the Oomra cotton 
producing tract of India. The districts of East and West Khandesh have an area 
of 9,863 square miles, and are hounded on the south by the Nizam’s Dominions, 
on the north by the Satpura mountains, while on the east they are bordered by 
Berar, the latter being perhaps the most intensive cotton tract of India and the 
centre of the production of Oomra cottons. • 

The central feature of Khandesh is the river Tapti, and the whole district lies 
in its valley. Its climatic conditions are comparatively simple. The hot weather 
lasting from March to June is eociremely hot, the maximum temperature in the shade 
often reaching 11 8°F. The monsoon generally begins in June, and is, on the whole, 
more certain than in most other parts of the Bombay Deccan. The rainfall in the 
intensive cotton growing parts of the district varies from an average of 20 to 27 
inches a year, and commences in June. It is practically over by the end of 
September and very little reliable rain occurs in October. 

The cotton crop is entirely grown on the natural rainfall without irrigation and, 
in fact, facilities for irrigation do not exist. Therefore, as a result of the very limited 
distribution of the rain throughout the year, this being only reliable from June to 
September, the only cotton which can be grown is one which ripens rapidly before 
the soil dries up after the monsoon rain. 

The main feature, agriculturally, therefore of the Khandesh cotton crop is its 
earliness. It is usually harvested by the end of November with a small supple- 
mentary picking a month or so later. The success of the crop, therefore, depends 
mainly on timely sowing, and the period for this is very limited. The early rains 
of June are very precarious. Even if they are adequate and satisfactory, the sowing 
period has to be compressed into between one and two weeks. Tery often they are 
not entirely satisfactory, and then the period during which the land is in suitable 
condition for cotton sowing is still shorter as was the case in four out of the last six 
years. Further rain is expected, and is almost certain at the end of June or in 
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early July, and tlie seed must be in the ground before this, if a satisfactory croxi is 
to be obtained. Cotton is often sown after this rain is received, but it is recognised 
as very inferior practice, and there may not be a sufficient long break to allow of work 
on the black cotton soil of the district. Very often, to avoid delayed sowings, cotton 
is drilled in the dry soil before the burst of the monsoon. This is a risky proced- 
ure. If there is good and timely rain afterwards, good results are obtained ; if not, 
then the crop has to he resown. Generally , July 5th is about the last date on which 
cotton can be sown successfully. The limitations of rainfall just described seem to 
determine the kind of cotton grown in this tract. On the whole, East Kliandesh is 
more favourably situated than West Khandesh in the matter of rainfall, while the 
soils there are deeper and more retentive. 

The introduction of cotton into Khandesh as an important crop has been stated 
be of relatively recent date. During tbe time of the Moguls, Khandesh is said 
to have been a jungle producing wild elephants in abundance.^ During the British 
period, cotton cultivation has, however, spread to such an extent that it is the most 
important crop in the districts, occupying more area than any, even, of the food 
crops. In 192-1-25, the cotton area amounted to 1,303,192 acres and in 1926-26 
to 1,394,674 acres. In the latter year tliis amounted to 40-5 per cent, of the nett 
crapped area. The proportion in East Khandesh is even higher, being 43*3 per cent, 
of the nett cropped area. 

Commercially, as has already been stated, the cotton grown in this part of Western 
India falls under the great group of “ Oomras ”, a name derived from Amraotij the 
capital of Berar. Khandesh cotton amounts to from 11 to 12-| per cent, of the 
whole Oomra ” crop. 


II. The Botanical Characters of Khandesh Cotton. 

By far the predominating constituent of the mixture of cotton which constitute 
the ordinary crop grown in Khandesh is Gossyfimn neglectum (Tod). WitMn this 
single species, however, a large number of forms exist, distinguished by leaf and 
flower characters. Before, however, an attempt is made to describe these, it may 
be desirable to study the other types which are found mixed in Khandesh cotton. 
These are, (1) Oossypivm indicum, the so-called Bmii type and (2) Gossypium Mr- 
sutum, American cotton probably brought to Khandesh from Dharwar and forming 
the relics of an attempt to introduce long stapled exotic cottons. 

Gossypidm indioum. Lame, Bani, Hinganghat or Ghat karas. This cotton, 
which is much finer than ordinary Khandesh cotton and has been grown from time 
immemorial in the Godavari valley, has probably long been found in places in Khan- 
desh, hut in the year 1865 a very big attempt was made to extend its cultivation. 
1,717 tons of seed were then brought from Berar and were used to replace more than 

1 JSmpire Ootfon Growing Bevim, Vol. II, No. 4 (October 1920). 
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69 per cent, of tJie local crop. ^ In 1867, Mr, Aslibnrner, tbe Collector of Ebandesli, 
took vigorous steps to popularise tMs cotton, with, tke idea of substituting it entirely 
for tlielocal coarse and sbort stapled type. In Mareli 1867 Es. 20,000 and in April 
Es. 50,000 were spent by Government in purcliasmg Hingangliat seed, and for the 
time being the old cotton seemed almost entirely replaced. In 1869-70 in some 
parts of the district, the old local cotton reappeared, but by distributing new Hingan- 
ghat seed, a further attempt was made to prevent the reappearance of the former. 
Owing, however, to the low yield and low ginning percentage of the hmii cotton, its 
cultivation began to decline markedly after 1873, and the local cotton gradually 
replaced it again. 

Bani cotton gives probably the best lint of any truly Indian cotton^. Its staple 
is strong, silky and up to one inch staple or a little more. Unfortunately, its ginning 
percentage is very low, and this seems mainly responsible for its disappearance. Its 
characters, as the typical example of Goss^pium indicum, have been often described.® 
It so closely, however, resembles Gossypiuni neglectum malvensis that it is extremely 
difficult to separate the two except by the staple characters. The dilference in the 
length of the lint is sufficient distinction. It may be noted, however, that Bani 
is somewhat later ripening than the cottons of the “ neglectum ” group and the 
plants are not so hardy. 

The extent to which hani is now mixed with cotton as grown in Khandesh varies 
somewhat, but is everywhere very small. A careful test at Dhulia with average 
Khandesh cotton gave only 0*56 per cent, of the total plants as belonging to this 
species, 

Gossypium hiesutum, Mill. The other species of cotton found mixed with 
the neglectum type of Khandesh is American upland, Gossypium hirsutum. It 
appears to be a remnant of old attempts to introduce American cotton in Khandesh 
since 1846, and to a limited extent its growth may now be said to be naturalised 
in this tract. Its broad lobed leaves, pale yellow flowers without an eye in the 
centre, and its low and bushy habit of growth distinguish it at once from the plants 
with which it is mixed. Its history, so far as it can be made out, is interesting. 

The first attempt made to introduce American cotton in Khandesh was apparently 
in 1846^ when Mr. Simpson, Superintendent of Cotton Experiments in Gujarat and 
Khandesh, arranged with cultivators that iu Erandol and Nasirahad (Bast Khandesh), 
on condition of the remission of land revenue and payment of Es. 6 per bigha by 
Government, New Orleans cotton should be grown on 99 acres. The seed was pro- 
cured from Dharwar, but it was a season of heavy rainfall, the cotton did not flourish 
and only yielded 220 lb. of clean cotton altogether. It was reported to be inferior to 
the local cotton both iu length of staple and strength. No further attempts at its 


1 Gammie, Indian Cottons, 1906. 

2 Empire Cotton Groivhig Beview, Vol. II (1926). 

2 Gammie, Indian Cottons, 1905. 

* W. Cassels. Cotton ; An account of its cultivation in tho Bombay Presidency, 186?. 
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introduction, were made at that time, but after small experiments, a further iot of 
Dharwar American seed was obtained in 1848-49 and 16G acres were planted by 
various cultivators. This year the cotton suffered badly from drought, and tli,e 
crop was a poor one. In the following year, again, the area went up to 1,036 acres, 
but a large part of this suffered from excessive rain. In spite of tLis, the area went 
up to 5,272 acres in 1850-51 when most of the seed was planted before the rains came. 

flourished exceedingly in the early stages, but the crop was disappointingly small. 
The Collector (Mr. Elphinstone) wrote in March 1851 : “ HiEierto the New Orleans 
been precarious, and even if, in case of failure, Government excuses the 
3 cultivator has still lost time, labour and profit.” 

effort was made still to push American cotton in Khandesh and prizes 
were offered for the largest area, and the largest yield per acre. In 1851 the area 
rose to 10,214 acres, but a drought after the end of August proved far more injurious 
to this than to the local cotton. As a result, the area in 1852 fell to 4,022 acres, and 
the officials came to the conclusion that “ the soil and climate are not suited to the 
growth of Dharwar American cotton ” and this was agreed to by the cotton, trade. 
In 1852 the crop was only grown on 1,272 acres, and in the following year the area 
dwindled to 12 acres. The whole effort had been a failure, the cultivators objected 
to ifc on the score of its uncertainty, and the Collector (Mr. Mansfield) stated that 
ne was convinced that “ the dryness of the climate is an insuperable barrier to the 
cultivation of New Orleans cotton in this province.” 

From this time onwards no effort has been made by Government to push the 
growth of American cotton in Khandesh. But after the failure of the attempts with 
bani cotton, it was taken up again by some growers in 1873, who were attracted by 
as giving a good staple and a much higher ginning percentage than Hinganghat 
cotton. To-day it exists as an admixture almost all over. Tests made at Bhulia 
and Ohalisgaon in 1907 showed that the ordinary field cotton grown contained res- 
pectively 2 per cent, and 1 per cent, of American cotton in these two centres. It 
does well in years of good rainfall. Its yield, however, is not high to compete with 
local cottons and it is not likely to replace the indigenous forms to any consi- 
derable extent. 

In addition to the species mentioned above, it may be noted that there is a limited 
area of Qossypium Iherbacemn of the Gujarat types grown within the limits of Khan- 
desh. Its cultivation is, however, limited to the extreme west of the area, in the 
Navapur, Taloda and Nandurbar Talnkas of West Khandesh. 

GossypiUM NEO-LEOTUM, ToD. By far the greater part of Khandesh cotton con- 
sists, however, of Gos&ypiim neglectum^ which is the chief cultivated cotton not only 
of Khandesh, but also of Berar, the Central Provinces, Central India, the United 
Provinces, the Punjab and Sind, except where in the last two named provinces it 
has been recently replaced by American. It forms the main constituent of 
Oomras ” and “ Bengals.” In recent years it was extended into new areas such 
as Kathiawar (especially Bhavnagar) where it is known as Matliio. 
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Botaiiically, the classification of this type has been somewhat uncertai]!, Watti 
classifies it as a variety of Gossyjnum arhormm, Linn. Middleton” and Gamniie® 
recognise it as a separate species of Gossypium and this is retained in the present 
paper. 

The various varieties of cotton classified under the species Gossy^piumnegleGlum 
are known in Khandesh and the Berars by the name Varhacli and Jari. The former 
name is usually given to cottons having white flowers and the latter to cottons 
liaving yellow flowers. It has been suggested^ that Varhadi is the result of a cross 
}:)etween Gossypimn indicum and Gossypium cernuum or Garo Hill cotton. There 
is no evidence whatever of this. The Jari cotton has been supposed® to be a dege- 
nerate form of a cross between Bant cotton and Gossypium arbor eimi, but there is 
likewise no evidence whatever of this. 

These cottons have generally two characters which set them apart from others. 
These are (1) a short growing period, as compared with other cultivated species. 
In normal years the cotton is sown in the middle of June. The first picking com- 
mences before the end of October and the final picking is taken before January. 
The white flowered varieties are earlier, in general, than the yellow flowered types 
(2) a more erect habit than other species of cotton. This allows of thick sowing 
and gives a high yield per acre. 

The botanical characters have been described in detail by Gammie*'^ as follows r — 
Gossypium negleotum^ Todam, Osser sui cotoni,p, 35 (1863). G. herbaccum^ 
Linn. Var. Mrsutum', Masters in Herb. Kew. G. arhot'eum, Linn (in part) FI. Br. hid. 
I, 347. Plants varying in height from 3 to 7 and more feet. Stems simple, ivand- 
like, tapering gradually from base to apex, bark brown, tessellated, quite glabrous 
below; with simple, white short deciduous hairs above, herbaceous parts brownish 
red, specially so on the southern side. Lower branches sparse, long, spreading, 
medial short, uppermost very short ; whole plant usually nodding if well covered 
with fruit. Leaves palmate or pahnatipartite, lobes 3 to 5 or more, oblong lanceo- 
late, ovate acute or sub-obtuse, sinuses broad or rising up into small extra lobes, 
base shallowly cordate ; glands either altogether absent or present on the central 
rib or faintly present on the three central ribs ; stipules lanceolate falcate acu- 
minate or broad ovate few toothed at the apex. Flowers one from each node of the 
lateral branches, peduncles erect but drooping in fruit. Bracteoles deeply cordate, 
ovate acute, quite entice towards apex or sometimes toothed there. Calyx cup- 
shaped, entire or very shortly lobed. Corolla a little longer than the bracteoles, 
upper part of petals reflexed ; filaments comparatively long ; stigmas 3-grooved, 
scarcely rising above the upper anthers, channels with or without black dots. 
Bolls ovate, obtusely pointed, invested at base by the ruptured enlarged calyx, 


^ Watt, Wild and cultivated cotton of the world, page 95 (1907). 
2 Middleton. Agricultural Ledger, 1896, No. 8, page 11. 

® Gammie. Loo. ait. 

^ Watt. Wild and cultivated cottons of the world, page 133. 

'* Middleton. Agricultural Ledger, 1896, No. 8, page 12. 



do. 

do. 

var. vera sub. var, malvensis. 

do. 

do. 

var. vera sub. var. kaihiawarensis. 

do. 

do. 

var. rosea. 

do. 

do. 

var. rosm sub. var. cutcJiica, 


3-4 celled, very distinctly black dotted, valves separating and recurved wlien ripe. 
Cotton barsb,* clinging more or less firmly to tlie seed, wliiob is covered by grey 
velvet.” 

Tlie individuals constituting this neglectum group have been arranged by Gamini(; 
in five sub-species as follows : — 

(a) Gossyfium negledum, Tod. var. vera. 

ib) 

{ 0 ) 

{d) 

{e) 

Of these, the first three bear yellow flowers, the last two bear white flowers. Tlie 
yellow flower varieties are distinguished by the lobing of the leaves. The first 
(var. Vera) has more deeply lobed leaves than the other two. The second (var. 
malvensis) has broader lobed leaves than the third (var. Jcatlmwarensis), The 
white flowered varieties are also distinguished by the leaf lobing, the variety rosea 
having deep narrow lobes undistinguishable from those of the variety vera, while 
the variety rosea cutcUca has broad lobes in the leaf, like those of the variety vera 
malvensis. 

This classification has been adhered to in the present memoir, but it may be noted 
that Watt^ has classed the variety rosea (also known as N. R. cotton) as a separate 
variety of Gossyfium arKreum. M*‘ddleton^ places it as a separate species of 
Oossypium. A close study of the types in the field inclines the author to the view 
that there is no justification for separating it from the negleciv.m cottons. 

Exi'ent oe admixtuke of vakieties in Khandesh cotton. Whatever may 
have been the source of the various constituents of the mixture of varieties now 
occurring in Ivhandesh cotton, the fact is certain that they all occur in the cotton 
as now grown. The extent to which they occur was investigated in 1906, 1907 and 
1911. In 1906® a field of one acre of cotton from seed procured at DhuHa gave the 
following results : — 


Plants 
per acre 

Percentage 

composition 

1,190 

3-5 

200 

0-0 

5,190 

15*2 

12.8.50 

37-8 

14,320 

42-1 

190 

0-6 


Variety 


Gossypium neglectum — 

(a) var. wra 

(&) var. vera malvensis . 
(c) var. vera JeatMawarensis 
{d) var rosea 
(e) var. rosea cutcMca 
Qossypium indicum (Bani) 


^Watt. Loc. cit. 

® Middleton. Loc. clt. 

3 Bhulia A(jri. Station 1906-07, page 7. 
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From 1908 to 1910 bazar samples of cotton seed were obtained from everr taliika 
in Kliandesh. As a result of row cnltnres of tliese samples, tlie follov.'iiig average 
proportion m tlie mixture -was determined^ : — 


V'aricty 


Percentage 

eorruiosition 


(a) all vera types 

{b) var. rosea 

(c) var. rosea cutcldca 


25-8 

46-(5 

27-6 


The conclusions drawn from the tltree years’ study were as follo^^'s : — 

1. The proportion of white flowered plants is mucli higher in East Khandesh 

than in West Khandesh, W’here it is lowest in the talukas of Kandurbar, 
Shahada and Taloda. 

2. Those talukas of West Khandesh which are adjacent to East Khandesh 

have the largest proportion of white flowered plants. 

3. In East Khandesh, the white flowered types are more prevalent in the 

north than in the south. 

4. Among white flo’wered types, the proportion of the variety rosea (N. E.) 

is greatest in Amalner and Ehusaw-al, and in East Kbandesh is lowest 
in Chalisgaon, Paohora, Bhadgaon and Brandol. 

6. In West Khandesh, the proportion of var. rosea cutcliiea is greatest in 
the northern talukas. In the other talukas the two white flowered 
varieties are in almost equal proportion. 

6. Navapur, which is situated near Gujarat, grows pure cotton. 
Teials op dippeeent constituents op Khandesh cotton. Having thus 
ascertained the proportion of the various constituents of the mixture grown in 
Khandesh, the yield of seed cotton which each of these varieties will give was deter- 
mined at Hhiilia in the years from 1906-1914, together with the ginning percentage. 
The consolidated results are as follows : — 


Variety 

{a) vera . . . 

{b) vera malvensia 
(e) vera kathiaivarensis 

(d) rosea (N. R.) 

(e) rosea cutcMca 


Yield seed cotton 
per acre. lb. 


531 {average of 4 years) 
486 „ 3 , 

560 „ 2 , 

895 „ 6 , 

806 „ 5 , 


Ginning percentage 
Per cent. 


28'6 (average of 8 years) 
|24-S „ ■ 


i jyjiuUq, Agri. Statipn Anji- Bep., 1911-12, page 3. 
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The results indicate that, so far as the strains occurring in cultivation are con- 
cerned, the white flowered varieties are the prolific yieiders, in addition to their 
superiority in ginning pe^cntage. Even in any unfavourable season like 1912-13 the 
superior yielding capacity of the white flowered types was quite evident. 

A more extended trial of three of the above varieties was made at Jalgaon in 
1918 and 1919. It must be remembered that 1918 was an exceedingly dry season. 


Yield and ginning joercentage of Khandesh cotton varieties, 1918-19. 


Variety 

Average yield 
seed cotton 
per acre 

Average 

ginning 

percentage 

Valuation of 
lint per Candy 
1919-20 * 

Lint value 
per acre 


lb. 


Rs. 

Rs, 

(a) vera 

342 

32-5 

425 

59-6 

(6) vera imlvensis 

344 

30*9 

425 

57*6 

(c) rosea (N. R.) • 

i 536 

1 37-2 

320 

81-2 


* Tte basis of valuation in 1920 was Oomras ErS. 425, Khandesh Rs. 376 and Broach Rs. 620, per 
candy of 784 lb. 


It is interesting to compare with similar tests made in these varieties as separated 
from the neglectum mixtures in the Central Provinces. The following results were 
published there in 1912.^ 


Variety | 



[ Averagis yield iroE. eoto 

YEARS 

Ginning 

percentage 

Seed cotton 

Lint 1 

Seed 


lb. 

lb. 

lb. 


(a) tera . . . . . | 

344 

116 

228 

33 

(6) vera malvensis . . . ' 

374 

112 

262 

30 

(c) rosea (N. R.) 

402 

162 

240 

40 

(d) rosea cutchica . . . i 

412 

150 

262 

37 

(e) Bani . . . . . j 

262 

72 

ISO 

28 • 


From all these tests the following salient facts emerge : — 


1. The variety rosea (N. R. cotton) has given the highest outturn consistently 

as compared with other varieties. 

2. The variety rosea (N. R. cotton) has had a substantial advantage in gin- 

ning percentage which has secured a higher price for seed cotton 
(hapas) in the market. 

1 Agrictdiural Journal and Go-operativ& Gazette, Central Provinces, June 1912, 




3. T]i 0 nett profit per aore has been strikingly superior in the case of the 

vaiiety rosea (N. B. cotton). 

4. The variety rosea (N. B. cotton) has been found to be more drought resis- 

tant, a quality of great importance in the Kliandesh tract. 

5. The variety rosea (N. B. cotton) opens its bolls well and uniformly and 

it is earlier than the yellow flowered varieties. 

These several advantages of the variety rosea (N. B. cotton) occurring in the 
neglectum mixture as it grows in Khandesh, were so great that, in spite of its poor 
staple, and hence the lower price of the lint on the market, when its seed was supplied 
pure, it was welcomed heartily by the more progressive cultivators of these districts, 
and its use has been extending ever since. The Bombay Agricultural Department 
haSj in fact, been itself distributing seed of this variety of guaranteed i>urity for 
30,000 acres a year for some time. But in the meantime alarm has been created 
that its wider extension may mean a further lowering of the standard of Khandesh 
cotton, for the staple of the rosea variety (K. B. cotton) is not more than half an 
inch. Further, the lint was considered to he extremely coarse and its spinning 
capacity only reached to “ 8’s.” 

Attempts at the improvement oe staple in Khandesh cotton. The question 
of obtaining a better quality cotton without necessarily sacrificmg anything in 
point of yield came, therefore, to the front, and this is not for the first time, and in 
a few words an account may he given of these previous, if unsuccessful, efforts. 

Khandesh was one of the earhest tracts selected by Government for the trial 
of cotton of long staple. The first attempt dates from 1831, when carefully picked 
cotton, chiefly from the north-east talukas, was distributed over the rest of the dis- 
trict. In 1833 seed of Egyptian, Bourbon and Pernambuco seed from an experi- 
mental farm at Broach, and in 1834 two parcels of Pernambuco and Bahia seed, 
were sent to the Collector of Khandesh for experiment. In 1836 no less than 14 
tons of the best Broach seed were sent to Ediandesh for trial, and for a time the re- 
sults appeared to be encouraging, but the attempt to acclimatise Broach cotton 
ultimately failed. The later unsuccessful trial with New Orleans cotton, and with 
Bmii cotton, has already been described (pp. 2 — 4). 

The last important attempt at the acclimatisation of introduced good staple 
varieties took place in the years foUowing 1904. At that time, in response to an 
appeal from the British Cotton Growing Association, both indigenous and exotic 
varieties of both annual and perennial type were tried at the Dhulia farm. The 
number of such varieties tested in 1908 was twenty-four. Of these Cambodia and 
Buri varieties at first appeared to be successful. These retained vigorous growi;h 
longer than the other types tried, but even with them, the absence of late rains made 
their yield extremely precarious. The perennial cottons tried included Bourbon 
and ‘ Bough Peruvian.’ The former grew fairly well, the plants reaching a uniform 
height of two feet, and giving a yield of four ounces of seed cotton per x>lant. But 
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tlie general result was tliat tlie season was too short for such cottons and the experi- 
ment had to be abandoned. 

The results on the whole may be summarised as follows ; — 

(a) The cotton all matured later than the local types, generally the first 

picking coincided with the second picking of the local variety. This 

lateness is fatal in Khandesh. 

(b) The ginning percentage is in nearly all cases considerably lower than the 

local types and prevented their competition with the variety 

(N. R, cotton) if not with other local types. 

(c) The yield per acre was, in nearly every case, lower than with the rosea 

variety (N, R. cotton) if not wdth other local types. 

(d) Most of the American varieties proved very susceptible to red leaf blight 

under Khandesh conditions. 

These results, though negative, are very important and brought us up face to face 
with what are apparently the only other Wo methods of obtaining a cotton with all 
the desirable quahties of the rosea variety (N. R. cotton) but with a superior staple. 
These two methods, both based essentially rather on the improvement of existing 
local material in cnltivation, are (1) the pursuance of a rigid system of selection in 
neglectmi cottons now grown in Khandesh, in the surrounding areas, or even in other 
parts of India, and (2) the development of new types with the desired qualities suited 
to this region, by crossing types whose combination seemed to show probability 
of the isolation of a suitable strain for the purpose in view. The results of work 
on these lines, which w^as initiated in 1921, are embodied in the present memoir. 

HI. Improvement of Khandesh Cotton by Selection. 

The material used in the selection studies consisted, first and foremost, of strains 
isolated from local material especially of the rosea variety, secondly of a collection 
of cottons made in Berar and Cential India, and thirdly of neglecium cottons isolated 
on otlviT farms either in the Bombay Presidency (big boiled N. R., and rosea from 
black seeded K. R. from Surat) or in other provinces (J. N. I and K. 22 
from Cawmpore). Por the first time in umrlc on these Khandesh cottons the methods 
of pure line cultures w^ere adopted and selfed seed w^as used throughout. The method 
of sslfi.ng adopted was that devised by Kottur which consists of putting small rings 
on to the flower buds so that the petals do not open. 

Variation in the dieeeren"!’ varieties op neqlectxjm cottons. During the 
work it quickly became evident that in no case was the botanical variety, as com 
sidered hitherto, genetically pure. The characters to which special attention wtis 
directed were as follows:— 

The branching habit of the plant, (2) the point of origin of the first pri- 
mary fruiting branch {sympodium)i(3) the ginning percentage of the 
cotton, (4) the staple of the lint, (6) the glands on the leaves and 


(6) the dimensions of the petals. In no case did the botanical varie- 
ties, as illustrated hy one hundred plants, remain constant or give 
progenj with the same range of variation from generation to genera- 
tion. 

The variation with regard to these items will be considered in detail, so far as 
the variety (N. E. cotton) is concerned. 

1. The bmncMng habit of the flant. The importance of this character has been 
emphasised by previous workers. Kottufi in his study of Kumpta cotton has 
isolated bushy and erect types of Gossypium herbaceum as grown in the south of the 
bombay Presidency. Similar results have been obtained by Patel.^ Leake » con- 
sidered that it is one of the fundamental differences between different types of cot- 
ton and bases his classification of cotton to a considerable extent on the frequency 
of the occurrences of and the number of monopodia or, in other words, on the 
branching habit. 

All the neglectum cottons are of a very erect habit as compared with most other 
species, and in particular with the types of Gossypium herbaceum and may be said 
to be sympodial in character. The number of primary monopodia, however, varies 
from one to five. 

^ The general variation within the rosea type (N. R. cotton) as grown in Khandesh 
is shown by the following frequences of different numbers of monopodia in about 
one hundred plants in four successive years, as shown in the following Table. 

Number of monopodia in the rosea variety. 


rBEQVENCr 01? OCCTOBElfCE 


Number of monopodia 

1922-23 

1924-25 

1925-26 

0 . . 

8 

8-9 

13 

14-4 

7 

5‘7 

1 • • . . . . . . 

21 

23-3 

22 

24-4 

23 

18‘6 

2 ....... . 

m 

33-3 

27 

30-0 

36 

29-0 

3 

21 

23-3 

15 

16*7 

34 

27.4 

4 

6 

6*7 

5 

5-6 

21 

16-9 

5 

4 

4-5 

6 

5-6 

3 

2.4 

0 










3 

3-3 



Total number 

90 

100 

90 

100 

124 

100 


Jlo., cotton and its improvement. Mem. Dep. Agri. India, Bot. 8er., Vol. X, 

No. sTml). Gujarat Cottons II. Mem. Dep. Agd. India, Bot 8er., VoL XII, 

® Leake, H. M. Agri. Journal of India, Vol X. page 116 (1915). 
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Tliese results are illustrated iu Figl. 

VARIATION IN NUSWBER OF MONOPODIA'^ 
IN THE ROSEA(N.R.)VARIETY OF 
G^OSSYPIUNI NECtLECTUm. 



Fig. 1. 


2. The foint of origin of the first pimary fruiting branch . The importance oi 
this character has been emphasised by Patel ^ in his studies of the Gujarat cottons, 
and it determines considerably the type of plant in the field. The positon is deter- 
mined by the node on the stem from which the first primary fruiting branch arises. 
The variation even in rosea type (N. R. cotton) alone is very considerable, as is 
illustrated by the following figures from a series of plants of this variety grown at 
Dhulia. 


Position of the first f rimary fruiting branch. Frecjuency of ocanrren ee. 


Node of origin 

1922-23 

1923-24 

1924-25 

1925-26 

7th . . . . . . i 


3 

2 

1 

8th .. . . . . 

4 

4 

1 

2 

9th . 

14 

32 

12 

1 ■ ; 17, ■ 

10th . . . . . . 

31 

35 

27 

26 

11th . 

29 

15 

33 

Si 

12th . . . . , . 

12 

6 

19 

32 

13th . . . . . . 

6 

3 • 

7 

8 

Mth . . . . . 

1 


2 

5 

Total numher of plants 

96 

98 

103 

125 


1 Loc, oil. 
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Ihe results show a good deal of variation not only in the same season but from 
year to year. In this connection a note of Patel (who has made the most careful 
study of this character) may be kept in view. He says » The variation in one and 
the same season in a pure strain is fairly wide and different plants growing under 
Identical conditions vary by six to eight nodes. But the relative difference in the 
nodal value is maintained.” 

3. percentage of the seed cotton. The high reputation that the 

variety (H. K. cotton) claims is due mainly to its high ginning percentage. Recently 
however, there has been a tendency for this high percentage to go down. The 
records at the Jalgaon farm,_ for over 20 acres of this cotton grown quite pure for 
the last eight years, show this tendency clearly. 


lois 

1919 

1920 

1921 

1922 
1023 

1924 

1925 


Ginning per- 
centage of 
N. Jv. cotton at 
Jalgaon 
Per cent. 

. 37-5 
. 37'5 
. 35-2 
. 36-9 

. 33-4 to 36-2 
. 37-1 

. 35-0 to 41*2 
31 '2 to 34*5 


The variations between diff'erent jilants in this variety in three successive years 
were as follows Prom eighty- five to one hundred and twenty-three plants were 
examined in the several years, and the plants were grown at Hhiilia. 

Ginning percentage of N. R. cotton at Dhulia. 


Ginning percentage 


FEEQUEiroy of occoeeence 


Under 27 
27 to 29 , 
29 to 31 . 
31 to 33 
33 to 35 . 
35 to 37 . 
37 to 89 . 
39 to 41 . 
41 to 43 . 


1*1 

4*3 

4*3 

10*7 

18*3 

16*1 

26-9 

17*2 

1.1 


100 


1924-25 

1925-26 

6 

7*0 

2 

1*6 

9 

K>H 

6 

4*9 

17 

20*0 

14 

11*4 

8 

9*4 

31 

25*2 

20 

23*5 

34 

27*6 

14 

16*5 

23 

18*7 

11 

13*0 

9 

7*3 



4 

3-3 

86 

100 

123 

100 
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A curve embodying these results is shown in Fig. 2. 

variation in 6.IMNIN& PmceNTAcSiE 
\H THE ROSEACN.R.^ VARIETY 

PERCENTAL. OF fiOSSYPlUM NEGLECTUM. 



Fig . 2. 



Though it is evident that ginning percentage (being a ratio between two inde- 
pendent variable) is a somewhat complicated conception, yet there is little doubt 
from these figures of the existence of a number of strains with diherent relationships 
of the quantity of lint to the seed weight. 

4. The ,^taple of the lint. The Tosea variety (N . It, cotton) is very inferior in staple, 
the latter varying from 10 to 15 rum. and going iipto 17 mm. in extreme cases. 
T^he method adoirted in measuring the staples in these variation studies was that re- 
commended by Ballsi and consisted in combing out the lint on the seed and measur- 
ing tlie maximum length from the seed to the edge of the halo along a radius. 

The following figures illustrate the variation in the staple in about one hundred 
plants in each year since 1921-22. (Fig. 3.) 


1 The development and properties of raw cotton, 1916. 
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VARIATIOIM m STAPLE 
IN THE ROSEACh.R.) VARIETY 

percemtai«c of ^ossypiuf^ neglectow. 


LE!\iGTH OF STAPLE m m.m, 
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Staples of N. li. cotton. 


FrEQUENOV OE Ocou-IIRISNOE 


vcra variety of Gossypiium neglectum (page 6) as grown in 
>wed variiation as indicated in tlie following Table : — 


Staple of 
N. V. cotton. 

Frequency 
of occun-ence. 
1921-22 
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midrib, ottl ^b 1 “ numberand they are situated in tbe three 

the vail ; 1 !! of 

the vaneties of «e^Zed»« cotton IS very variable. Income eases; the gknds are 

:SS"Sin toiler®"®"" tho’e.amS>ation 


Number of plants examined 
Number with uni-glandular leaves 
Number with tri-glandular leaves 
Number with a-gl 


32 

24 

24 


_ Two types with no glands were selected, and these have maintained this character 
in succeeding generations. Further work in this direction has not been undertaken. 

ihe study of the few characters noted above, continued in the case of the first 
tour for a period of four years, clearly indicates that the rosea variety (N. B. cotton) 
at any rate, is a mixture of a number of strains varying in botanical and also in 
cominercial characters. Some of these types have been isolated and now breed 
true to their special characters. These will now be described 
types of the rosea variety (N. R. cotton). 


as representative 


-Description op types isolated prom Gossypium neglectum var. rosea (N. E. 
cotton) as grown in Khandesh. 


This IS a strain which has been isolated from material collected at the village of 
Pimpalgaou (Pachora Taluka, East Khandesh). The seed from which it was 
obtained had the reputation of giving a very high giiming percentage. The 
characteristics of the strain are as follows : — 

(a) The leaves are of the typical rosea type. 

(b) The plants bear a higher number of monopodia than is usual with the 

rosea variety, the number varying from 1 to 6. It may, therefore, be 
considered as a bushy type (Plate IV). 

(g) Ihe bolls are large and oval with a marked point at the tip (Plate VIII). 

(d) The flower petals emerge beyond the bracts. This is unusual with N. b " 

cotton, where the petals are generally completely enclosed in the 
bracts, 

(e) The ginning percentage for W’^hieh character the strain was selected 

has been as follows .* — 


Year 

1923 

1924 

1925 


Giiming per- 
centage 
. 40-2 ±0-07 
. 42-2 ±0-25 
, 37*6 ±0-1 1 
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(/) Tlio wo'ak point of tliis strain is its yield and it does not coirparo u-itli tliat 
from tire mixture of strains of tlie rosea variety known as N. E. cotton. Tlic yieUl 
in lines of 100 plants in three successive years is as follows ; — 


Meim. yield of seed cotton per plant. 


— — 

Pimpaigaon 

Kf. R. cotton 


grm. 

grm. 

1923 . , . ... 

47*6 

4i-o 

1924 . ... . . . . 

32^7 

45-3 

1925 . . . . . . . . . 

28-5 

35*3 


In two replicates in 1925 at Dhulia, it gave 10-7 per cent, less yield t})a,n N. E. 
cotton. The replicate tests were done in the following manner. Each .strain was 
sown in four lines each one hundred feet long alternated hy four lines of K. E . cotton. 
The number of such repylicates tried W'as five in each strain. The first and the fourtli 
row of each series were rejected in yield tests to avoid any possibility of com]')eti- 
tion between, strains, the middle two rows only being compared with those of the 
check plot. The interpretation of results was done according to the inethotl 
suggested by Sircat {A.<jri. Jour. India. Vol. XVIII, September 1923). 

2. V-29. 

This strain was selected on account of high ginning percentage and has been 
maintained largely because it has characteristic leave.s which render it easily 
identified. The leaves, in fact, bear no accessory lobes at all, and it is thus 
difierent from all other strains of X. E. cotton. . The plant possesses no other special 
features, but the yield of seed cotton, ginning percentage, and staple of tlio pure 
strain have been as follows, in two successive years. The figures are on the basis of 
100 plants. 


Characters of strain No. U~29. 


■ 

U-29 1 

I N. R. 

cotton 

1924 

1925 

1924 

1925 

Mean yield per plant in gram. . ■ 

41-0 

26-8 

45-3 

35-3 

Ginning peoentage . , . 

42-9 

39*4 

34-7 

.36-8 

Staple in mm 

14-5 

16*4 

12-7 

12-1 



PLATE III 



Ceniimetres 




Variation in size of shape of cotton bolls in Khandesh (type U,I9. and the prevailing type N. R.). 
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, In 1926 this strain was tried in a series of two row replicates with N, E. cotton 
with tJie following results : — 


Yield of seed Gotton in rejMmtas JU26. 


Eepltoation 

■D-29 

N. R. COTTOX 


lb. 

lb. 


4*8 

5*4 


■ ■■■ - A-o ■■ 


3 • . . . . . . ■' . 

4-0 

4.'!) ' 

4 . . . . . .' ' . 

■ ■ 4-7 ■ 

4-2 

• • • - . , , . . • 

■4-7 . 

a-S 


The mean difi'erence was 7-2 per cent, in favour of the iiiixtiirc known as N, E. 
cotton. 


On the whole, therefore, this strain may be considered as a high ginning type 
with a staple slightly superior to that of N. E. cotton. The lower eld renders 
it useless as it is, but it is maintained as possible material for future crossint!,, 

5. 11. -19, 

This strain was selected prior to 1921, and has now been bred jmre from selfed 
vseed for several years. It has the following characteristics : — 

(ft) The bolls are as large as in the strain Pimpalgaon, although in sLape they 
are more elongated and do not so abruptly terniinate at the stigmatic 
end as in the latter variety, (Plate III). 

(/>) The ginning percentage cf the seed cotton in two years was as fol'ows : — 


jocrce?f/«< 7 e of lL-19 sVrmn. 


■ , — . 

U.-19 

N. R. COTTON 


Percent. 

Per cent. 

1923 . . , . . . .... 

37-5 

35-8 

1925 ... . . . ..... 

36-4 

' 3S-S 


(c) The yield per plant is less than that of the mixture of si rains himvn as 
N. E. cotton, as will be seen by the following figures ; — 



L ^ U,-,9. , 1 

! N. E. , 

f-OTTON 


1923 

1925 

1923 

; ' '1925; 

Mean yield of seed cotton per plant in grams 

39-0 

33*3 

41-5 

: 'ss'-a ,. 
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It was selected for its large sized bolls, as at the time the selection was made 
this was supposed to be an important character in determining yield. This has 
proved not to be the case with tins strain and it is simply maintained as one type of 
the variety. 

4, Blach Seeded N, R. 

This was a strain of the rosea variety isolated at Surat on account of its sup- 
posed earliness and grown at Dhulia since 1921. 

The leaves of this type are aglandnlar. In respect of earliness it has not been 
earlier than others in the matter of opening flowers, but in that of opening the bolls 
it has been found to be about a week earlier than the average of N. R. cotton. The 
bolls of this strain are small in size and the amount of seed cotton per boll is low. 
The other characters as recorded in 1924 and 1925 are as follows 


Characters of strain hlaeJc-seeded N. R. 


j 

j Black Seeded e. e. j 

N. R. COTTON 

1924 

1925 

1924 

1925 

Mean yield of seed cotton per boll in grm. 

1-9 


2-4 

2-3 

Mean yield of seed cotton per plant in grm. . 

50-1 

25*5 

46-3 

1 33 3 

Ginning percentage . 

38-5 

36-0 

34-7 

35*8 

Staple in mm. . . . . . . j 

12’0 

12-0 

12-7 

12-1 


These figures show no particular constant qualities of value except the earliiiess 
of the type ; it is being maintained for this latter quality. 


6and6.'N,R.{A)andlii.R.{G). 

These decidedly undesirable types are described to show how inferior strains 
are included in the mixture known as N. R. cotton. They only differ in 
the glands on the leaves, the first possessing three glands, while the second 
has none. The possession of glands has not been found to have any rela- 
tionship with the economic characters of the cotton. Both strains have low ginning 
percentage, the figures for 1925 being as follows : — 

per cent. 

N. R. (A) . . . . . . 33-1 

N. R. (C) 33-9 

They are, of course, of no value and only show how the value of N. R, cotton 
could be lowered by the increasing prevalence of such strains, 
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A summary of some of the general characters of the six strains described is as fol- 
lows 


CharaGters of Strains of N. M. cotton. 


'v/'.;'. — V 




Number 

of 

monopodia 

Number of 
leaf 
glands 

Character of bolls 

Ginning 

percen- 

tage 

Pimx>algaoii 




2 to 5 

three 

large 

(33x30 mm.) 

38to40 

U.-29 




1 to 3 

three 

38 to 42 

U.-19 




1 to 3 

three 

large 

(38x40 mm.) 

36 to 38 

■Black Seeded N. K . 




lto2 

none 

Small 

(30 X 26 mm). 

35 to 37 

N. R. (A) . . . 




1 to 2 

tliree 

small 

(31x26 mm.) 

31 to 33 

N. R. (C) . 




1 to 2 

none 

Small 

(31x26 mm.) 

32 to 34 


Description of types isolated from Gossypium neglectum elsewhere in India and 
tested in Khandesh. Closely connected with the study of the types of neglectum 
cotton grown in Khandesh is that of several strains isolated elsewhere which have 
been tested, at Dhulia. Four of these may be mentioned. 

1 and 2. Big Boiled N. R. and Rosea from Dharwar. These were two 
typ'es isolated at the Dharwar Agricultural Station and maintained, the former 
for its large sized boll (supposed to indicate high yielding capacity in the 
plants) and the other used there as a parent in a very interesting cross made 
with Gossypium Jierbaceum.'^ On trial at Dhulia in 1921 and 1922 it was 
found that both these types, having been isolated under the much longer season 
conditions of Dharwar, were very late in opening their flowers and bolls. This late- 
ness, amounting to at least three weeks, rendered them qaite useless in Khandesh. 
It was found i i 1922 that although the picking of the local cottons was completed by 
the middle of November, yet these types had not by that time even opened their bolls, 
and the cold weather adversely aflected them before the bolls were open. 

3. mid 4. J. N. 1 and K. 22. These are two strains of neglectum cotton isolated 
at Cawnpore, the former being a selection from Jalaun cotton jyith a staple of 0-85 
to 0-9 inch, a ginning percentage of 36 and a good yield. The latter is one of the 
hybrids isolated by Leake. The former in its general characters belonged to the 
Gossypium neglectmn var. vera mahensis^ being broad lobed and yellow flowered. 
The latter (K. 22) belonged to the Gossyprium neglectum var. vera being narrow lobed 
and yellow flowered. 


1 Kottur, G. L. Studies in ijiheiitanee in cotton, !. Mem. Dept. Agri., India {Bot. 8er., Vol. XII 
No. 3(1023). 
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Grown at Dliulia tliese cottons gave tie following results in tlie year 1923. 


Chumcters of strain J .N . 1 md E. 22. 



J. N. 1 

K, 22 

N. R. cotton 

Mean yield of seed cotton per plant in grm, . 

27-4 

35-4 

41-6 

Ginning percentage . . 

37*1 

38*1 

37*1 

Staple in mm. . . . . . . 

l.S-6 

14-0 

12’7 


Tliere was, therefore, notMng outstanding about either of these types for growth 
in Khandesh, and in addition, K. 22 showed itself very susceptible to wilt. In con- 
seq^nence they seemed to have no possibilities in this region, and their growth was 
abandoned. 

Summary regarding local and introduced neglectum cottons. 

It thus appeared that so far as the author’s tests have gone, none of t\\o. neglecl^im 
cottons introduced from outside have any pos.sibilities in connection with the improve- 
ment of Khandesh cotton. Further, the test of local material showed nothing subs- 
tantially better than the N. R. cotton (a mixture) now being distributed in the area. 
If better staple was obtained it was always at the cost of the yield or ginning per- 
centage. The results of very careful selection from local ■cottons or of the introduc- 
tion of types outside akeady isolated was disappointing. 

The next step was the collection of cotton seed from various parts of Berar, Central 
India and the Central Provinces and extensive tours for the purpose were made in 
December 1923. The material obtained has been grown each year since, and while 
no final statement can be made regarding it (as the isolated types are not constant 
in character yet) it may be definitely stated that the results are again disappointing. 
The types of the rosea variety (which almost always yields best) have not given 
more than a ginning percentage of 41 to 42 per cent. The long staple cottons like 
selections of Bani cotton giving a staple of 22 to 23 ram. have not so far bred true, 
and are in every case low yielding and low ginning. The types belonging to the 
variety Muk'cwsfs (page 8) have been found quite unsuitable owing to low 
yield. The search for high yielding cotton of high ginning character and better 
staple than the prevalent cotton (N. R.) in Khandesh and the surrounding cotton 
areas has therefore failed so far, and the author has reluctantly concentrated atten- 
tion on a group of supposed hybrids, the material for which was available. 

IV. Supposed Hybrid Cottons suitable for Khandesli. 

When the author took charge of the work on the improvement of Khandesh 
cottons in 1921, there were put into his hands seeds supposed to be the progeny of 
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hj' rids inacle in 1.908 between Gossi/pium c&rnmmi. (Comilla eotton) and Go^sypinm 
•ivilicum {Baiu). These liad been mainiaiiied at Dbulia from Idiat time, tbe undesir- 
ab.le types wlvicli appeared being aminally discarded and tlie remainder kept. Bir'- 
as no covering of the flov'ers bad been adopted and as no systematic selection of tbe 
progeny bad been can'ied on, it is extremely doubtful wliat are tlie oleraonts wliicli 
tbe material contained as it (same into tbe author’s bands, 'Whatever it was, it was 
extremely mixed and it was only after several years of work that a number of strains 
have been isolated from it. A^Tiatever the genetic composition of tbe material may 
be, it has given a number of strains which appear to be of considerable value. 

On the presumption that the tradition of the origin of t* esc cottons is correct, 
a few words may be said indicating the eliaracters of the Gossypium/ cernuimif 
or Comilla cotton, alleged to be one of the parents. 

Comilla cotton {QossypkMn cemmmi) is described by Watt^ as a variety oiQossyp- 
ium m'boreum, and lie considered it as an extreme form or a special race of the variely 
negleefa. The leaves are more deeply lobed even than the most lobed variety of 
Crossypiimi neghetm^^ without accessory lobes. The bracteoles are large. 

The flowers are pale yellow to white and the petals are nearly twice the length of 
the bracteoles. The bolls are very Io.iig, and in shape very elongated, the seeds are 
large an.d flattened, the fuzz is abundant and whiti.s]i, the lint is short, white, very 
coarse and woolly, the lint is of little commercial value except to mix with wool. 

The only characters which really distinguish this species from Gossyjjium neg'^ectmn 
var. rosea are (1) the length of tlie bracteoles (2) the shape of the bolls. In fact, 
in. the author’s opinion, it might well be considered as a negleckim, cotton. Watt^ 
was of a similar opinion and noted as follows : — “ The plant camiot possibly be more 
than a variety if not rather a special race. It is certainly not a species. There is 
nothing to justify the retention of the name Gossypkim eernmmi, hence my giving 
it the name assa?mca to denote its original locality of production. Tlie plant is 
rapidly crossed with other stocks and soon becomes what can best be described as 
a large form of var. negleefa or at most of var. rosea.” 

Natural cross fertilisation between Bani and Oomilla cotton has been stated to 
occur (Watt, Joe. cit.) and the suggestion has been made that the various forms of 
neglectmi cottons have originated from these hybrids. An instance of actual crosses 
being made by Major Trevor Clarke is recorded by Watt.^ He aimed at improving 
the quality of the high yielding Caro Hill cotton by crossing it with Bani cotton as 
early as 1865. The seeds produced are said to have been sent to Nagpur and Akola 
(Berar) for cultivation. No record as to what happened further to these crosses is 
available. 

There was, therefore, no doubt that Bani cotton {Gossypmm mdicum) with its 
good staple, low yield, and small ginning percentage, and Comilla cotton (so-called 
Gossypkm cenmum) with its worthless staple, but veiy high yield and very liigh 

Watt, Wild and onlfiivated cottons of the World, (1907). 

Loo. cit. p. 336. 
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giiuiing percentage, will cross, and that out of the cross it may be possible to obtain 
types suitable for Khandesh with a combination of desirable characters, (.'rosses 
were, therefore, made in 1908, careful individual selection from the resulting material 
was carried on for two or three years (without covering the plant, however) and 
thereafter, the seed was maintaiued by mass selection. The resulting mixture 
(the botanical constitution of which was naturally unknown.) was stated in 1918 to 
be promising, and in 1921 was considered as some of the most promising material 
to work upon for the improvement of Khandesh cottons. Each of the so-called types 
then existing was, however, a complex mass of heterosygotes. 

In 1921, the three most promising so called types (B XI, BIV, B XX) were taken 
in hand at Dhulia. None was found to be homogeneous and their variation may be 
illustrated by the ginning percentage. This varied in B XI from 16 to 43 per cent., 
in B IV from 21 to 45 per cent., and in B XX from 22 to 43 per cent. 


Ginning fer centage of supposed lani-comilh hybrids, .W21~2P. 


Ginning percentage 

FbEQUBNOY of CcCtTERENCB 

B XI 

BIV 

BXX 

15—17 










1 



17—19 











* • 


19—21 










i 

1 

• # 

21—23 










1 

3 

1 

23—2.5 










1 

2 

3 . 

25—27 











1 

2 

27—29 










4 


3 

29—31 










2 

3 

3 

31—33 










7 

3 

4 

33—35 










6 

6 

10 

35—37 










10 

11 

10.. 

37—39 










11 

10 

9 

39—41 










6 

8 

6 

41—43 










3 

1 

3 

Over 48 










1 

2 












64 

51 

64 


Method op wohk. Fifty plants of each of the lots of seeds (B XI, B IV. and B 
XX) were labelled as suitable for selfing, and all flowers on each of these plants were 
selfed. In 1922, out of the progeny, fifty plants from the whole lot of seed were se- 
lected for further maintenance and careful study, all flowers beng again selfed. The 
seed from each of these was sown in rows. Those rows which showed large hetero 
geneity or which generally had. not the desired characters in a marked degree were 
rejected. A study of the gametic purity in the progeny* of the desirable types was 
undertaken by noting the various marked and important morphological features, 
besides the fundamental basis of selection, namely, yield, ginning percentage and 
staple length. 
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As a result of tliese lines of work, ten types wMcli skowed promising results were 
selected in ISTovember 1923, and tke method described has now been carried on for a 
X)eriod of five years. Tliis has enabled the author to test accurately the performance 
record of each individual and to isolate some very desirable strains, wliich are now 
constant within the limits of variation of the type. Before describing these strains, 
it will be worth while to indicate shortly the special characters which are desired in a 
cotton for the Khandesh tract. 

The ideal type op cotton pop Khandesh. In this area the first and foremost 
consideration in determining the suitability of a type of cotton is the yidd. The 
failure in this respect mined the attempts to introduce American (New Orleans) 
cotton and Bani cotton, {vide siijira). The success of N. R, cotton has been primarily 
due to its high yield, and this is the main reason why it is so popular. The factor 
or factors wliich most largely contribute to this outstanding yield in the N. R. cotton 
will be considered elsewhere. Briefly stated, it would seem that the greater yield is 
chiefly due to a smaller amount of shedding of bolls, especially of those formed 
early in the season. 

If the cotton gives an adequate yield, the matter of next importance is the gin- 
ning percentge. In the present day markets of Khandesh any cotton ginning less 
than 36 per cent of cotton is not appreciated. 

The third factor of importance is that of earliness. In Khandesh a plant, to be 
really suitable, must complete its life before the cold weather is fuUy established. 
Cotton commences to reach the market by the middle of October, and any delay in 
the first crop means usually a lowering of price. 

A fourth factor is the necessity of a cotton being able to resist long droughts. 
General drought is not uncommon, and in almost every year there are long breaks 
in the rains which aflect some cottons more than others. The actual rainfall in 
each month of the growing season is shown in the following Table for nine years. 


Months, 


— 

June 

July 

August 

September 









Inches 

Inches 

Inches 

Inches 

1918 








3-2 

2-2 

2-0 

1-0 

1919 








9-7 

6-3 

4-7 

8-7 

1920 








1-8 

5-9 

21 

2%3 

1921 








3-2 

9-9 

3-6 

8-8 

1922 








8-3 

4-1 

0-6 

3-8 

1923 








0-2 

11-3 

1-2 

10-1 

1924 








2-2 

3-4 

8-4 

7-5 . 

1925 








7-4 

1-7 

3-3 i 

2-9 

1926 








1-95 

8-81 

6-23 1 

1-85 


The rainfaE conditions are still better shown in Rig. 4 which shows the actual 
amount of rain received from day to day during the season. 
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A fifth factor of importance is the necessity of a sympodial habit of gi'owth, 
leading to an erect plant. This is probably an essential for an early plant. At 
any rate, all monojiodial types, such as those cultivated in Gujarat, have a very small 
percentage of success in the bolls formed in the plant. The percentage of bolls ripen- 
ing on the plants of different strains in 1924 atDhulia compared with the number of 
flowers formed on sympodia and monopodia re^eetively is shown in the following 
Table. 



— 

Primary on sympodia 

On monopodia 


Per cent. 

Per cent. 

B XI. 9 (34)- 

43*9 

2-1 


49-3 

o-o 

B XX. I . ... 

53-4 

1*8 

BXX. 27 . . . 

43-7 

3«1 

B XI. 64 

48*1 

3-3 

N. R. cotton 

46'6 

7'3 


When these necessitates in a cotton suitable for Khaudesh have been provided 
for, and only then, can the question of staple be considered. So that the aim 
must be to get the best possible staple consistent with retaining an early sympodial 
cotton, capable of resisting a considerable amount of drought, with a high yield 
comparable with that of N. K. cotton and giving a ginning percentage of over 36, 
Selections prom supposed hybrid cottons. The ideal type of cotton having 
been described, it will be seen that none of the selections from indigenous or intro- 
duced cottons of the neglechmi series have approached the mixture of strains of the 
rosea variety, known as N. R. cotton. It remains to be seen how far these require- 
ments can be met from the supposed hybrids between Gossypi'um cermium (Gomilla) 
and Gossypiiim indiGum {Bani) whose origin has already been described. As a result 
of five years of selection work on these cottons, several types, breeding true, may now 
be described. 

DJmUa No. I (Plates I and IV). 

This is the name given by the author to a selection breeding true, from the seed 
known as B XX, and said to be derived from a cross between the species named, made 


in 1908. 
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appearance this gives a plant generally similar to the typo ol the rose® variety 
has proved itself as hardy as N. B. cotton, and resiste 
conditions and the vagaries of rainfall as the latter. It 
ordin^v^ and vigorous grower, and in its early stages can be distinguished froni the 
»oT^. ^ "T ''“"Vby *e fact that in this strain the loaves have 

colour of cWter by which it can be distinguished is the 

IhM el pale yellow {or sulphur white). The special features 

winoii characterise the type are as follows : — 

suc“i It'"'” by d“™g tbe season and their percent^ of 

suc^ there is practicaUy no diferonce between the two. 

rows Jf 1 oompansons with N. K. cotton were made («) in pedigree culture 

acre ^Dhuha ^1^^ r ® “ 

(d) in nloto otot T * *?*" replicated four times at Dhulia in 1920. 

-Oh iS tllT n 1925' ‘’Th“ f “*1 “ P‘°*» 

n at Jalgaon in 192o. The results are as foUows. AU yields are of seed colto. 
{a) Pedigree culture rows. 


Year 

Strain 

Number of plants 

Jfeau yield per jilant 

1923 . . . 



grams 

Dhulia No. 1 . 

97 

40-4±M0 


N. B. . 

93 

41-5±M8 

1924 

Dhulia No. I . 

82 

44-7±0'0I 


N.B. . . . 

85 

46*3±M3 

1926 . . 

Dhulia No, I . 

101 

29‘6±0-49 


N. B. . . 

123 

35-3d=0-70 

(6) Plot of one-sixteenth acre at Dhulia 1924 


Strain 

Yield per plot 

Yield por acre 



lb. 

lb. 

Dhulia No. I . , , 


37 

692 

N. B 


30J j 

4S8 



Plant habit of certain types of cotton in Khandesh (Dhulia No. 1 , Dhulia No. 2 and PImpalgaon) 
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(c) Replicated two-row plots at D7iulia (1925). 


y train 

Yield peb plot 

1 

2 

3 

4 

5 

Mean 

Dhulia No. I . . 

N. R. . . 

lb. 

3- 2 

4- 2 

lb. 

4-4 

3-5 

lb. 

4-2 

4*7 

lb. 

4-3 

6-0 

Ib. 

4-5 

6-1 

lb. 

:4-l 

4-9 

(d) Replicated phts of one quarter acre at Jalq< 

aon {1921). 


Strain 

I Yield per plot ' 

1 Yield per acre 

1 

2 

3 

4 

o 

Dhulia No I . . . 

N.B . . . . . 

lb, 

138 

178 

lb. 

148 

114 

lb. 

124 

144 

Ib. 

123 

128 

Ib. 

632 

664 

(e) Two acre-plots at Jalgam {1925). 


Strain 

Yield per plot 
(2 acres) 

Yield per acre 

Dhulia No I 

N. R 

lb. 

1,602 

1,366 

lb. 

761 

683 

These results show that we have in the type Dhulia No. X a strain 
as much as the standard K. R. cotton. 

Ginning percmtage. Grown m pedigree culture rows in three si 
the following figures were obtained. 

yielding nearly 

recessive years 

Year ] 

iTumber of plants 

Mean ginning per- 
centage 

1023 . 

1924 . 

1926 ... 

97 

82 

122 

36-5 ±0-09 

37*7±0'09 

36. ±0-08 
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Wlien grown on bigger areas i3ie foUowing results in ginniag percentage \N'crc 
obtained, as compared with UsT. R, cotton, both, at Jalgaon and Dbulia. 




GtNNINa Peecentaob 

1 . ' .... 

Place of esperimont 

I Area 

DImlia No. I 

N. R. t!otton 

Jalgaon . . . . . 

J acre (Average of four 
plots). . . . 

36'8 

34-7 

Jalgaon . . . 

Two acres , . 

38'2 

32-5 

Jalgaon . . , . 

Mve acres . 

39*2 

33-8 

Dliulia . . , 

Replicate two-row i>lots 

36-8 

35-7 


The results show a cotton which gives distinctly higher ginning outturn than the 
standard previously laid down (36 per cent ) and rather better than N. R. cotton. 

Staple. The characters so far considered place this strain at least on a par 
with N. R. cotton. Its value will, therefore, be determined by its staple, and here 
it is distinctly better than N. R. cotton. Thus in 1924 its staple varied from 13*8 
to 16*8 mm. only, with the mode at 15*8 mm. Grown under similar conditions, 
R. R. cotton gave a much wider variation in staple, from 9'8 to 16*3 mm. with 
several modes, the highest being at 11-8 mm. The variation in the staple as compared 
with N. R. cotton is showm in Eig. 5. 

When submitted to commercial examination, the following report was obtained. 


Cotton 

yaliie 

Remaeks 

Dliulia No. I . . . . , 

Rs. 

371 per candy 

Barely superfine, C. P. 2. Staple 
fair, about Es. 7 on ‘Pine 



N. R. Cotton . . . . . . 

336 — 340 prer candy 

0. P. 2.’ 

Barely fair staple. It is better 

j 

than extra Super fine Bengal 
types, but staple is inferior 
to Oomra. 


The report of the Teclmological Laboratory, Bombay, on this cotton is given in 
the Appendix. It shows that while N. R. cotton will barely spin lO’s, this type will 
almost spin 20’s. 

General. We have thus a cotton which, though equal or nearly equal to the stand- 
ard N. R. cotton in yield and ginning percentage, shows considerable superiority 
in point of staple and fineness. It is, moreover, a quick and vigorous grower, and bears 
leaves which are without an accessory lobe, and so enable it to be easily indentified 
even in an early stage of growth. It is now being multiplied on a large scale. 
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^ (Plates I and IV). 

i-™Sf i' ? V-?™" f ‘° ® *0“ ti»» 

made in IBOs"" ' derived from a cross, between the species named, 

!,P,r ^ ‘^'^®f’ly lobed Wo. tJio lobes oi wliicli litemse 

■in<f iv! f °f slightly broader than Dhuba No. I 

'distimrniTn ®“™S *1*® growing period, it caa very easily be 

stipules that It bears are quite promiaeat in contrast to those of Dhulia No. 1, in 
viueii. tiiey are long and slender, and lienee, inconspicuous. 

.Ons type IS almost It bas practically no limbs, and far 

testhaneit erDhubaNo.1 or N. E. cotton. TheSieroen^ of plan" 
various numbers of monopodia in 1925 at Dhnlia is as Mows ;— ^ 



Pebcentagb with each mraiBEE of monopodia 


ISr. R. cotton 

Ehulia No. 1 

Dlmlia No. 2 


Per cent. 

Per cent. 

Per cent. 

0 . . . 

6 

11 

sy 


F 

27 

7 

3 -1 1 1 ■ ■ 

29 

38 

5 

4 . . • • . . 

27 

IG 

1 

5 . . * 

17 

5 


(5 . . . i i 


2 


® *- • • ' i ! ! 


’] 



7 , ":;""P“«sGns wiru in. k. cotton were made in pedisree culture 

L° M 25 T =“ P“»‘^ DMia 

in 1926. llie results are as follows :— 

I MeaIn yield dee DLAK'!' 


Dliulia ISTo. 2 . 
N. E. . 


44- 2dbl-37 

45- 3±M3 


grains 
27-9±0-tJ0 
35-3 ±0-70 
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(6) Replkated iwo-vcm plots at DImlia ( 1925). 



The results are not very definite, but they indicate a lower yield than in the stand- 
ard N. B. cotton. 

Ginning percentage. Grown in pedigree culture rows in two successive years, 
the following figures were obtained ; — 


i'ear Mean ginning 

percentage 

1924 37-9db0-18 

1925 . . . . 36>8±0-13 


From the type grown over a quarter of an acre, the ginning percentage was 
36-1. 

These results show a cotton, which is satisfactory from the point of view of 
ginning percentage. 

Staph. In point of staple, this strain is one of the best selections made. Thus 
in 1924, its staple varied from 17*8 to 21*2 mm. with the mode from 18*8 to 19*8 mm. 
Grown under similar conditions, N.E. cotton gave a much wider variation in staple, 
from 9*8 to 16*3 mm. with several modes, the highest being at 11*8 mm. It is thus 
in an entirely different class, in respect to staple, from N. E. cotton. The varia- 
tion in staple as compared with N. E. cotton is shown in Kg. 6. 

When submitted to commercial examination, the following report wus obtained. 


Cotton 

Value 

Remaeks 

Dliulia No. 2 

Rs. 


384 per candy 

Good colour, Staple fair to good, 
but irregular. Class fine to 
superfine C. P. I., with value 
Es. 6 on for staple, and 
Es. 6 on for class on ‘Pine 
C. P. No. I.’ 

N, R. cotton . . . . . 

'. ■■ ■ ■ ■■ 

336 — 340 per candy 

Barely fair staple. It is better 
than extra superfine Bengal 
typeS; but staple is inferior 

1 to Oomra. 




STAPLE LENGTH OF 
LINT OF DHULIANQ 1 
DHOWA N&U Be N.R. 
TYPES ©FCOTTOW 
— I m WZ4: f 1 
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The report of the Teclmological Laboratory, Boml^ay, on this cotton is given 
in the Appendix. It shows that while IST. R. cotton will barely spin 10’ s, this type 
will under favourable circumstances spin 30's to 02’s. 

Gemral. We have liere a cotton which has a ginning percentage of over 30, 
and a staple distinctly higher than any type of negUctum cotton in cultivation in 
Khandesh. In point of yield, its position is not quite certain as yet. 

Other cotton types. 

The two strains just described as Dhiilia hTo. 1 and 2 are the* strains which, meet 
inost closely the conception of an ideal cotton type for Kliandesh, but it is of i.nterost 
to describe shortly other strains which have been isolated from the mixed material 
]>laced before the author in 1921, These represent the best which was found in this 
mixed material and each of them has been maintained for one or other reason. 

B. IV ’50. This has been evolved from the original mixtiirc knovai as B. IV. 
Its syrapodial habit is specially characteristic (Plate V). The actual proportion 
of plants containing various numbers of monopodia in the three years J923, 1924 
and 1925 was as follows : — 


Monopodia in strain No. B IV. 50. 


Year i 

Number of ])lants 
taken 1 

riiANIV;: with VARKHJ.S NtTJIHi 

K OF’ .M<'»xrii>oT:) A 

0 1 

1 

2 

.3 

■ : 4 ' ■ 

1023 

99 

(52 

3,3 

4 



1924 

72 

29 

11 

10 

13 

3 

1925 

107 

102 

4' i 

1 




Owing to the absence of monopodia, the first jnimary fruiting branch has been, 
found to arise at a much lower node than in other types. The following Table com- 
pares it, in this particular, with N. R. cotton. 


Node of origin of first symp)odium. 




PLATE V. 



certain types of cotton in Khandesh (B. IV. 50 and Pimpalgaon). 
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The prodiTotdon of these fruiting branches at a lower node is generally connected 
TOth the early appearance of flowers. As stated previously the formation of a 
large number of flowers in the early part of the growing period is an object to be aimed 
at, as this usually means a large proportion of bolls to flowers. The amount of shed- 
ding (page 43) vitli this strain is high, however, and thus the yield is low in spite 
of the early flowering. 

The other prominent features of this strain are as follows. The stem is weak, 
and hence the plants are liable to lodge. It has another, even worse, defect, in that 
it is extremely susceptible to wilt. 

Its stipules are very large and conspicuous. The bracteoles are also large and cover 
up the boll entirely . 

Its yield is shown in the following tests, as compared with N. R. cotton. 

(a) Pedigree eulture rows {1923, 1924 and 1925). 


Mexn xield pee elaet 


Strain 

1923 

1924 

1925 


grams 

grams 

grams 

B. IV. 60 

36-9 ±0.79 

- 43-9±1-18 

25‘2±0-61 


41-6±1*18 

45-3±M3 

35-3 ±0-70 


(b) EepUcated two-roio phis at Dhulia (1925). 


Strain | 

YiEIJ) pee plot j 

Mean 

1 

2 

3 

4 

5 


ib. 

lb. 

lb. 

lb. 

Ib. 

Ib. 

B. IV. 50 . . 

3*3 

3-8 

2-6 

3-3 

4-6 ' 

3-5 

N. R. . . . ■ . 

3*6 

4-5 

4-7 

5-1 ; 

4-4 

4*.5 


(c) Replicated plots of one quarter acre at Jalgaon (1925). 


] 

Strain | 

Yi3ELI» pee plop I 

^Yield pfe 

1 ACItB 

1 

2 

3 

4 


lb. 

lb. 

lb. 

lb. 

lb. 

B. IV. 50. . . . 

130 

102 

110 

94 

436 

N. B. : . . ' , , . 

178 

114 

144 

128 

664 
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(c^) Two am plots at Jalgam {1925), 


Strain 


Yield per plot (2 acres) | Yield per acre 


AJI these tests indicate a lower yield than N. R. cotton. 

The gincing percentage in pedigree culture has been 

■ ■ ■ ■ • • • ■ 35-7±0-07 

... . . . . . . . . , ^ ^ 36-6±0-05 

On bigger plots its ginning percentage was in 1926. 

Per cent 

36- 7 and 36-3 

37- 2 

Its guming outturn is, therefore, good, and equal to the two selections previously 
described. ' . 

In staple it is equal to DhuHa No. 2 and it is capable of spinning up to 30’s. The 
report of the Technological Laboratory is found in the Appendix, and the grader’s 
report is as follows 

B. lY. 60 Value Rs. 404 per candy, as against Rs. 335—340 for N. R. 

Good colour and nice staple. Rs. 10 m ‘ Superfine 0. P. I.’ 

Its failure in point of yield is disappointing, as in other results it stands out among 
ah the selections made. » 

■ B. XX. -f (Plato VI). This was a selection made irom B. XX, Moroholorically 
It does not differ from the Dhulia No. I which it closely resembles in all respects 
except m staple. So far ite yield has been low, with a ginning percentage of about 
0 . Ihe object for which it has been maintained is its staple, and particulars with 
reg^d to Its spinuing value wiU be found in the Appendix. The grader’s report was 


(1) at Jalgaon 
<2) at Dh.ulia 





Boll, staple and other characters of improved t^-pes of cotton for Khandesh (B. XL 9 (34)- Dhulia Nc 
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Uliilllii 
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Khandesh (B. XL 9 (34)=DhuIialNo. 2. B. IV. 50. B. XX. 1.. B. XX. 27=Dhulia No. 1, B. XI, 54, Pimpalgaonrand N. R.). 
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by the stipules, which are small and inoonspicuous, Its main characters in two yea,rs 
are as follows : — 




Yield per plant 

Mean ginning 
percentage 

Mean s< 

B. XI. 9(3) . 

1924 

grams 

37-3 

Per cent. 

34‘1 

mm. 

20-9 

N. R. . 


. . 45-3 

34-7 . 

.12<7 

B. XL 9(3) . 

1925 

24*3 

32-7 

20-5 

N. E. . 


36-3 

' 3o-8 

12-1 


B. XL 54 (Plate VII). This type, though isolated from the same lot of material, 
as has provided Dhulia No. 2 differs from the latter and the other strains isolated 
both in habit of growth, and in the colour of the flowers. ■ It bears a stout stem and 
fruiting branches, and is a very vigorous grower. If thh September and Gotober 
rains continue, a number of axilliary shoots arise in the axils of the sympodial 
branches, and produce short new fruiting branches, thus increasing its productive 
capacity. Although, however, it bears many flowers, its shedding index is high 
(page 43). ^ , 

This strain has leaves with accessory lobes, and it bears white flowers. It is,- 
therefore, indistinguishable from the ordinary rosea variety of neglectwm cottons. 
Its ginning percentage is very high as follows 

Mean ginmn^ 
percentage 


The bolls are large in size, and oval in shape (Plate VTI) 

The quantity of seed cotton per boll is high, and this miglit lead us to expect 
a large yield per plant and per acre. The actual yield results as are follows — 

(a) Pedigree GuUure rows {1923, 1924 and 1925). 
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(6) Replicated two row plots at Dfiulia {19Lo). 


Strain : | 

YiEL-D PER PLANT 

1 ]\lean 

1-' 

■;2 

■' ^ 

4 



lb. 

lb. 

lb. 

lb. 

! lb. 

lb. 

B. XI. 54 . 

4-3 

4-0 

3-3 

3-6 

3-8 

3-8 

N. R 

7-9 


4-6 

4-1 

4-5 

5*5 


In tlie year 1924, a very good year the yield was the highest among the selec- 
tions ; it has lost its position in 1925 when it appeared decidedly inferior to N", E. 
cotton in yield. This year was a very poor one for yield generally, but the strain now- 
being discussed seemed to suffer worse than others. In unfavourable years, it has 
shown itself to be specially liable to the attack of both spotted boU worm {Earias 
sp.) and the pink boll worm {GelecMa gossypiella). Its liability to shedding appears, 
however, to be the factor which chiefly limits its yielding power. 

In staple length it is slightly superior to N. E. cotton, giving a measurement 
of 15mm. as against 12mm. for the latter. It has, however, been valued by the 
Technological Laboratory, Bombay and the following remark was made in the report. 
“ This strain suffers from giving rather more waste (about 1*5 per cent, more) which 
lowers its grade and detracts from its value, although in the spinning test it is decided- 
ly superior in its performance to N. E. cotton.” The graders make it slightly 
less valuable than N. E. cotton. 

B. IV. 45. This selection resembles the last in respect of lobing, but can be 
distinguished from it by the characters of the flowers. The petals, though white, 
are enclosed within the bracts and do not emerge beyond them as in B. XI. 64. In 
this respect, it is not distinguishable from the mass of the rosea variety of neglectum 
cotton in cultivation. 

Its chief merit consists in its high ginning percentage as seen from the following 
figures. 

Gitming percentage 


1923 

1924 

1925 


Per cent. 
42-1 
44-7 
41-1 


In staple it is no better than N. E. cotton, though in feel it is silky, the yield 
results are not encouraging. It has been maintained for its exceptionally high gin- 
ning percentage, which may give it a special use for future crossing. 

It may be interesting to note that, in aU the selections made, in no case has a good 
staple been associated with a white flower. Whether this is anything more than a 
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coiiicideiice can liardl}?* be determined at present. But attention may be called to 
the fact that the white flowered strain in the Wagai variety of Gossgpmm Jierhaceiun 
(otherwise exclusively a yellow flowered cotton) is stated by Patel and Mankad^ as 
liaving a staple distinctly shorter than the other strains of this cotton. 

¥, Factors inSuencm^ Yield in Khandesh Cotton. 

The principal merit of Kliandesh cotton as now grown, and especially of the N. E. 
type of it, is the high yield which it gives and any unproved cotton offered to the 
growers must have, as already described, a similar or only slightly mferior yield, 
hi ield; liowever, depends on a number of factors. The present study has only con- 
sidered some of tliese, but the observations so far made are of con.sideral)lc interest. 
The autlior has taken into consideration the followniig ways in which high yield could 
be obtained. 

(1) an innatelv high productive oapacitv of the plants in number of flowers. 

(2) a low shedding index. 

(3) a period of intensive flowering during a short portion of the season w'hen 

conditions ate most favourable for boll formation and ripening. 

(4) a large number of fruiting branches. 

(5) a large number of buds per fruiting branches. 

(6) a large amount of seed cotton per boll. 

This study was undertaken in the first instance wnth the idea of isolating a type 
which had an intensive flowering period within a very short part of the season when 
the chance of the successful formation of bolls from flowers was at its highest. In 
the year 1924, observations were in fact limited to the number of flowers opened 
each daji', so as to determine the percentage of success in bolls. The scope of the 
enquiry was, however, enlarged in 1925 and an attempt was made to estimate the 
proportion of shedding in the form of buds as weU as in the form of bolls and also, 
incidentally to determine the proportion of shedding due to insects. 

Plan of work. In 1924, eleven strains were selected for purposes of vstudy and 
twenty five plants were labelled in each. The flowering record was kept daily. 
Flowers formed on primary fruiting branches (sj'mpodia) and on monopodia were 
separately noted. The flowers as they opened were ticketted and each ticket 
showed the date of opening of the flower, and that on which the boll burst. The 
results in 1924 are not so reliable as in 1925, as in the former year some of the flowers 
with their tickets were swept off in a heavy storm in September. In 1925 no such 
incident occurred. In 1.925 only six strains were under observation as it was thought 
wise to make more elaborate notes on each, showing the shedding in different forms 
(buds, flowers and bolls) and the part played by insects. 


^ Patel and Mankad. Studies in Gujarat Cotton, III. 3Iem. Dept. A(frl. India, Bol. ser., Vol. X.TV, 
No. 2 (1920). 
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Peoduotive capacity. Since yield very largely depends on the ijitiate produc- 
tive capacity of the plants, the total bearing capacity of the different strains under 
similar conditions was determined by noting the buds formed winch, ultimately de- 
veloped into flowers. The figures found were as follows taken from skteeii iflaiits 
in 1924, and from twenty one plants in 1925. 


Strain 

1 Number oir in.ri)s wuioji rnouiroEi) 

j IfLOWERS 

1 1924 

192.5 

Dhulia No 1 . . . . . . " . . 

I 90 

90 

Dhulia No. 2 . . 

66 1 

S2: 

B IV. 60 . 

1 80 

85 

B XX. I . . . . ... ... 

67 

76 

N R. cotton . . 

82 

99 

B XL 54 . . . . . 

107 

89 


78 


B IV. 45 . 

94 


Pirapalgaon . . . .... 

79 


Black seeded N. R 

99 



102 



The relative order of the strains in the two years is different and this, it may be 
assumed, is connected with the differing character of the season in respect to rainfall 
(pp. 25-26). In 1924 there was a heavy downpour of rain on September 24, amount- 
ing to 3'22 inches. This caused the strain B. XI. 64, a very vigourously growing 
type, to put on a fresh green appearance, and hence encouraged the formation of 
new flower buds. Dhulia No. I which showed a higher productive capacity than 
N. R. cotton in 1924, a season which encouraged vigourous growth, fell below it in 
1925 when only the hardiest types did weU. 

Floweeing and BOLLING. The actual yield obtained depends, as already 
noticed, not only on the productive capacity, but on the number of buds and flowers 
which survive the various chances of shedding. The following Table shows the per- 
centage of opened flowers which succeded in producing ripened bolls in the various 
strains in 1924 and in 1925, and the percentage in each week through the season. 


Statement showing the efficiencg of boll produotion for the gears 19i4 and .1U\5. 
(The number of plants in 1924 was 16 and that in 1925 was 21.) 
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One tMog seems clear from tliese figures. The earlier formed flower buds are 
generally more elective in x^roducing bolls than the later ones, and the time of great 
efficiency is in the third and fourth week from the time the first fio\TOrs ap^^oar. 
This ax^plies to all strains. 

Shedding. The next important factor influencing yield is the shedding. In 
this both the shedding of buds and of bolls is involved. In 1924 the total amount 
of shedding was determined. In 1925, the shedding of buds and bolls was sepa- 
rately ascertained. The following Tables show the percentage of shedding in the 
cottons under study in the two years for the strains under study. The number 
of plants under observation in 1924 was sixteen and in 1925 was twenty-one. 

Percentage of 

Strain 1921- sliedding in Imds 


Dhtilia No 1 . 

Dliulia No. 2 , 

B IV. 50 . 

BXX. I 
N. R, cotton 
B XI. 54 
B XX. 24 . 

B IV. 45 
Plmpaigaon . 

Black seeded N. .R, 

N. V. 66 

These observations in 1924 suflered from two errors. As the observations in the 
buds and bolls shed were taken once a week, some of the buds that had withered and 
had left no scars or only very minute ones escaped notice. Further, the new buds 
formed very close to the old ones or at the end of the fruiting branches could not 
be counted with acGiirracy after shedding. In 1925 more frequent counts were made. 


Strain 

1925 

Peecentace oe shedding 

Buds 

BoUs 

Total 

Dliulia No. 1 1 

56-7 

21*4 

78-1 

Dliulia No. 2 . 

48-0 

29-8 

7S-7 

B IV. 50 

55-9 

244 

i 80-3 

B XX. 1. 

53-4 

25-0 

78-4 

N R. cotton . . 

12.fi 

31-5 

74-1 

B XL 54 

50-4 

29-0 

1 794 


Per cent. 

70- 2 

71- 9 

66- 7 
66-8 

67- 6 
76-9 
73-1 

71- 2 

72- 5 
65'0 
75'4 
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From these figures it is clear that one of the very outstanding features of N. R. 
cotton is the small proportionate loss of buds formed. This observation is limited 
to one year only, but is so marked that, in spite of a larger loss of bolls, the total 
loss is reduced from 78 to 74 in this case. 

Weight op seed cotton per boll and number op fruiting branches. 

The other factors which may contribute to the determination of the yield of a 
strain are (1) the weight of seed cotton per boll (2) the number of fruiting branches 
and (3) the number of buds per fruiting branch. The results of two years' observa- 
tion (1924 and 1925) on sixteen and twenty one plants respectively are as follows : — 


strain 

MkaN NUMBER OE 
SYMPOMA PEB PLANT 

Mean NujiBEit op 

BUD PEE PRUIT.ING 
BEANOH 

Mean weight op 

SEED COTTON 

PER BOLL 


15124 

■ 

1925 

1924 

1925 

1924 

1925 

Dluilia No. 1 . 

24 

24-6 

3-7 

3-6 

grin. 

. 2-44 

gnu. 

2-34 

DhuUa No. 2 , . . 

.27 

25-6 

2-4 

3-2 

2-43 

2-34 

B IV. 50 , . . . 

25 

27-4 

2-8 

3-1 

2-38 

3-32 

B XX. I . . . . 

22 

23 

3-0 

3-3 

2-21 

2 17 

N R. cotton . . 

25 

23-6 

32 

4-2 

2-43 

2-37 

B XL 54 . . . 

29 

27-9 

3-7 

3*1 

3-11 

2-09 


In these figures the very large number of buds per fruiting branch of N. B. cotton 
in the poor season of 1925 may be noted. In the strain B XI. 54 the large 
number of primary fruiting branches (sympodia) and the large weight of seed cotton 
per boll is very noticeable. In the latter case, these high figures have not, however, 
been able to neutralise the high percentage of shedding with this strain. 

Tentative CONCLUSIONS. It seems fair, as a result of this study up to date, 
to put forward the following tentative conclusions as regards the factors determining 
yield in a sympodial, rapidly ripening, cotton Hlce that grown in Khandesh. 

1. The period of intensive floweriug, namely that from the 5th to 7th week from 
the commencement of flowering, is in close relationship with an intensive period of 
shedding of bolls. 

2. The percentage of total shedding including buds and bolls ranges from 
65 to 80 in the cottons so far studied. The proportion shed in the form of buds 
is by far the gfc;itest. 

3. The early formed flowers, more especially those that were formed in the third 
or fourth week of flowering, are more eflective in boll production than those flower- 
ing later. 
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4. No striking difference was noticed in the weight of seed cotton per boll, ex- 
cept in the case of the strain B XI. 54, and in this case it was not able to give high 
yield on account of high shedding. The number of buds per fnii iiig branch was 
not widely different, except with N. R. cotton in 1925 (a dry season), 

5. The capacity of Dhulia Nos. 1 and 2 strains to bear flowers and bolls at an early 
stage of their growth is very nearly similar to that of N. R. cotton, showing their 
suitability to Khandesh conditions. 

VI, General Conclusions. 

The ultimate object of our study of Khandesh cotton is the discovery and mul- 
tiplication of a type with a staple length of 24 to 25 mm. (one inch) and a ginning 
percentage of 40 or over, with a yield similar to that given by N. R. cotton. The 
present memoir shows what progress has been made to this end. It is felt that the 
capacity of the local cotton to give material tending towards this ideal has been 
almost exhausted, and that it is only because of the existence of number of lots 
of seed said to be derived from a cross of Comilla and Bani cotton made in 1908 
that any serious advance by this method has been achieved. But using this ma- 
terial, and developing pure line cultures from it, it has been possible to get two 
types at least which bid fair to give longer staple cotton, while preserving the high 
yielding and high ginning characters associated with N. R. cotton. 

It does not seem at all reasonable to suppose that the limit of improvement has 
been reached, and crosses are now being worked out which, it is hoped, will take 
us in a very few years much further on the way to the ideal already described. 
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{Khesari, laMi, hng, leora), 

BY 

GABEIBLLE L. 0. HOWARD, M.A., 

^Second Imperial Economic Botanist [on dentation to the Institute of Vhm Industrift 

Indore) 

AND 

K. S. ABDUR RAHMAN KHAN 
i'irst Assistant to the Imqmrial Economic Botanist, Pusa. 

{B&^eived for ^uhHiutioii oil 5th May 1927.) 

INTRODUCTION. 

The vetch, Lathyrus satimis L., is cultivated in various parts of India as a cold 
weather crop. It is chiefly grown in Bombay, Bihar, the Central Provinces, Sind, 
the Eastern Districts of the United Provinces and in some parts of the Punjab. 
It is known as hhesari or Mn in the North, lahh or teora in the Central Provinces 
and hng in Bombay. Attempts have been made to connect these various vernacular 
names with definite botanical types but without success. 

Lathyrus sativiis L., the pulse of low-lying areas, is a procumbent, rapidly-growing, 
cold weather annual which requires very little cultivation. It will thrive on heavy 
clay soils and on recently submerged land where no other pulse will grow. The 
seed is often scattered on the surface of rice-fields before harvest or it is ploughed 
in immediately after that crop has been reaped. The grain is generally fed to cattle, 
but in the poorer districts it takes the place in the food of the people of the better 
class pulses— raAar [Cajanus mdicus Spreng.) and gram [Gicer arietinum L.}. In 
famine years however it is eaten in those localities in whicii it is normally employed 
as a fodder. When used for human consumption a form of paralysis, known as 
lathyrism, occurs. This disease is ascribed by the people themselves to the use of 
khesari. Certain facts, however, seem to call for explanation. Among those who 
commonly eat khesari only a few are afiected. The disease is more frequent in 
famine years, the victims being generally attacked in the monsoon. Moreover, 
there is a belief among the peasants that only the hhesari grown in certain districts 

( 51 ) 
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produces latlijrism, that from adjoining areas being non-poisonous. In one case, a 
clear distinction was drawn between the khesari, said to be toxic, from tlie ]ow- 
Jying rice land on one side of a small river, and that from the higher land on tlie 
opposite side, which was considered to be innocuous. No botanical differences 
could be detected between the two crops. Major Buchanan ^ found a similar belief 
in the Central Provinces, but there the Ichesari on the rice land was said to be 
harmless, that on the high-lying wheat land poisonous. In this case, how^ever, there 
was a distinct difference in the appearance of the two sets of seeds. 

Many researches into the cause of lathy rism have been undertaken. Most investi- 
gators have considered the primary cause to be the consumption of Jihesari for long 
periods. The majority have attributed the effect to the presence of an alhaloid in 
the seed (Stockman,^ Billing ®). Acton and Chopra ^ came to the conclusion that 
the poison occurred in the form of a water-soluble amine. On the other hand 
Marne ^ and Guillaume,® were unable to find any poisonous base in the various 
species of Lathyrus they examined. 

In addition to the chemical analyses, a large number of feeding trials on animals 
have been imdertakeii with this pulse and with other species of the genus Lathyrus. 
Again discordant results were obtained. Brunelli, Chevallier, Lunier, Proust, 
Stockman and Acton ^ were able to demostrate a positive correlation. On the 
other hand, Marne, ^ Liotta, ’ Visco * and some of the older writers obtained 
negative results. 

The reasons given for the discrepancies in the chemical results, in the feeding 
trials and for the sporadic occurrences of lathyrism in the population were (1) the 
production of variable amounts of toxin in the seed caused by difierences in cultiva- 
tion and storage, (2) individual idosyncracies in susceptibility on the part of 
animals and persons. The only feature common to all these investigations was 
the fact that in no case was hotanically pure seed used. Owing to the mixed nature 
of the crop and the universal occurrence in it of various weeds, it is, therefore, 
impossible to be certain of the nature of the experimental material employed. 

The discordant results of the chemical analyses and of the feeding trials led the 
Indian Research Fund Association in 1923 to initiate a fresh investigation in which 
the botanical aspect of the problem would receive due weight. A combined study 
by a medical research officer, a chemist and a botanist was arranged, the work being 
entrusted to Major L. A. P. Anderson (Central Research Institute, Kasauli), I)r. 
J. L. Simonsen (then Forest Research Chemist, Debra Dun) and Mr. A. Howard 

1 Watt, The Commercial Products of India, London, 1908, p. 706. 

» Stoclunan, ifd! «. Med. Jown, xix, 1917, p. 277. 

» Dilling, Jour. Pharm. and Exp. Therap., xiv, 1920, p. 359. 

* Acton & Chopra, jTmZ. Med. t'az:., Ivii, 1922, p. 412. 

* Acton, Z^id. Med. (?««., Ivii, 1922, p. 241. 

6 Jahns, ArcA, d. P/iarm., 1897, p. 166. 

8 Guillaume, Bull. Sciences Pharmacol,, 1923, p. 604. 

Liotta, .flrcA. Pam. eperi. e. iSciewce ajf/im*, xxxiv, 1922, p. 1, 

s Visco, Arch, Form, spei-i. e. Science affini, xxxvii, 1024, p. 269. 
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(then Imperial Economic Botanisfcj Pnsa). The results obtained have been recorded 
in two papers/ which have been published in The Indian Journal of Medical RescarcL 

Bazar samxdes of seed from all the localities in India in which iathyrism is common 
were first collected. The botanical examination of these samples showed that 
hJiesari, as ordinarily grown is by no means a uniform product. A large number 
of forms of khesari were fomid, several often occurring in the same sample. The 
grain was also badly contaminated by the seed of various weeds ; this extensive 
contamination being due to the procumbent habit of the plant and to the fact that 
little or no cultivation is given. A botanical separation of the constituents was then * 
undertaken and a supply of khesari, free from all weeds, was obtained for the 
chemical investigation and for the feeding trials. Contrary to expectation, no 
alkaloids were found in khesari by chemical analysis. Further, the feeding trials 
with seed of the pui’e crop produced no ill effects on animals. 

Among the' leguminous seeds isolated from the khesan samples, four weeds ap- 
peared to be fairly common. One of these knowm as akta {Yicia saliva L. var. ajigus- 
iifolia) was found in all the samples from every locality in which the disease oc- 
curred. The seeds of this weed very closely resemble those of immature khesari. 
To obtain uncoiitaminated seed of akta, undehisced pods were collected from plants 
growing in the neighbourhood of Pusa and this weed was grown in pure culture 
the following year. The resulting seed was examined chemically and was employed 
in the feeding trials. Chemical analysis demonstrated the presence of the poisonous 
alkaloid divicin. When fed to animals these seeds produced symptoms of poisoning 
similar to, though not identical with, the symptoms of Iathyrism in man. Inocula- 
tion experiments with divicin gave similar results to those obtained in the feeding 
trials. 

The other three leguminous weeds : langra khesari {Lathyrus sphaerievs Betz.), 
misya {Vida hirsuta Koch.) aud pipra {Lathyrus aphaca L.) were examined che- 
mically and were also fed to animals. No poisonous substances were found in any of 
these weeds. All three proved to be innocuous in the feeding trials in spite of the 
vernacular name given to the first weed, which suggests that it might be the real 
cause of Iathyrism. / 

The investigation is still in progress but so far ab the results appear to 
exonerate the actual pulse crop and to incriminate the weed akta. 

The studies descr bed in this paper arose out of tbe abov^ investigat'on on a.ihy- 
rism. At tbe time when the pulse itself was considered to be the cause of the disease 
it seemed probable that the unit species of khesan would differ in their alkaloidal 

’•Howard A., J. L. Simonsen and L. A. P. Anderson. The Indian Journal of Medical lleseurch, 
X, B, 1923, p. 8D7, 

Anderson, L, A. P., A. Howard and J. L, Simonsen. xii, 4, 1926, p. 613. 

Owing to tlie absence from India on long leave of Major Anderson I, M, S., tlxo feeding trials 
are being continued by Colonel McCarrison, I.M.S., at tbe Pasteur Researcb Institute, Coonoor. 


THE INDIAN TtPlS OF LATHYEUS SATlVtTS I. 

content. In order to have material of a definite botanical character for the feeding 
trials, the isolation of the various elementary species in the mixed crop was necessary. 
'I’he collection of the bazar samples was therefore handed over to us for the separa- 
tion and description of the unit species. Fifty-six different elementary species 
were isolated and are described in the following x)ages. These will be kept in pure 
culture until the investigation on the cause of lathyrism is completed. 

The types isolated from the various bazar sami)les are shown in the following 
rtable 

Table I. 


Bazar samples of Indian Jchesari. 


Name of district 

1 Local name 

General character of the seed 

Types 
isolated 
at Pusa 

Broach .... 

1 Lang 

Bombay 

Two samples : — 

(1) medium sized, grey, mottled . . 

32 



(2) large, black. i 


larkana .... 


Sind 

Two samples : — 

(1) small, grey, very mixed . . . 

23,24 



(2) small, black . . . . . 

41, 56 

Jaoobabftd . . 


Small, grey, very mixed ... 

10, 21, 51 



Centeal Pbovinoes 


Nagpur . . . . 

Lakh 

Medium sized, grey, mottled, mixed . 

IT - 

Bhandara . . . 

Lac 

Large, mottled . . . . . 

35 

hibbulpur 


Two samples : — 

(1) medium sized, grey, mottled . . 

13 



(2) medium to small, grey, heavily 
mottled. 

4, 5, 31 

Hoshangabac? . . . { 

Teora 

Seven samples : — 

(1) large, mottled, grey 

16 



(2) Ditto . . . . 

36 



(3) Ditto 
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Bazar samples of Indian Miemri—ooniA. 


iS'auio uf diatnoti 

Local name 

General character of the seed 

Types 
isolated 
at Piisa 





GjENTBAL PilOVINCJiS. 


Hoahangabad 

. 


Teora 

(4) largCj mottled, grey , . 

20 




Lac 

(6) medium sized, grey, mottled . 






(6) Ditto . . 

18 





(7) Ditto . . 

28 ■ 

JS’ai'aingpui' 




Three samples ; — 






(1) medium sized, grey, mottled . 

(2) medium sized, grey, mixed 

46, 46, 4S 





(3) large, grey, mottled 

1,30 

Sarigor 



Teora 

Medium to large, mottled , 






Bihae aec Oeissa 


Mayaghat 



Kiiesari . 

Very small, grey, mottled, mixed 

11,25,27 

Sakri 



■ » 

Ditto . 

8,12,65 

Beaipur . . 




Ditto , 

22, 50 ■ 

Darbhanga 




Ditto 

40,51 

Dholi 




Ditto . . 

26, 38, 30, 43 





Unwed Pkovinces 


Azamgarli 



Latri 

iSmall wliite, mottled 

3, 6. 54 

Partabgarh 




Small, grey, very mixed . 

14, 47, 53 

Allahabad 




Two samples : — 

(1) medium sized, grey, verj' mixed 

16, 29, 33 





(2) ■ Ditto , . 

2, 19, 37, 44 





Punjab 


D. G. Khan . 




Small, grey, very mixed 

7, 9, 42, 52 


^5 THE iMDIAH types 0F MTHYRUS SATIVUS L. 

IL GENERAL BIOLOGY. 

1. Root Range. 

The unit species described in this paper were grown for several years in pure 
culture at Piisa, the seed being always raised under bag. Seed from single plants 
was sown for the purposes of classification. In addition, small plots of all the types 
grown from the mixed seed of several bagged plants were maintained. These 
were arranged according to their geographical distribution, an arrangement 
which brought to light the following interesting facts illustrating the relation 
between the incidence of disease and the condition of the host. Lathy ms saiivus L. 
is susceptible to the attacks of Afhis and every year this i)est occurred in the 
experimental cultures at Pusa. It was found, however, that only those varieties 
that came from Peninsular India were badly attacked. The varieties from the 
Indo-Gangetic Plain were untouched, while those from stations between the Penin- 
sula and the Plains only suffered slightly. Examination of the roots showed that 
three types of root system occurred. All the immune varieties possessed the shallow 
much-branched root system characteristic of crops which thrive in the damp soils 
of the alluvium. The susceptible types belonging to the Peninsula produced a deep 
root system, branching some distance below the surface. Types intermediate in 
their resistance to Ayhis possessed root-systems of an intermediate type. A deep 
root system, although admirably adapted for growth in the black cotton soils where 
deep cracks occur in the cold weather, is a serious disadvantage in the close, damp 
soils of Bihar. When grown in this locality the active roots of the Peninsular types 
were formed in the badly aerated, wet soil six inches below the surface where 
no aeration by subsequent cracking was possible. Hence the roots and the whole 
metabolism of the plant suffered, rendering the plants more susceptible to insect 
attack. These two types of root-development are well shown in Figure 1. 
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2. Flowering. j 

A study of the flowering was made at Pusa in the Indo-Gangetic plain and at ; 

Indore on the black soils of the Malwa- plateau. Although, as would be expected, 
the general behaviour of the flowers was the same at both places, some minor 
differences were observed. These were due partly to the fact that at Indore the crop 
was sown late in the season and partly to the low humidity of that place. 

The following observations were made at Pusa during January, 1924. The 
flower buds begin to open between 10 a.m. and 4 p.m, If opening starts before 2 p.m., 
the buds open fully on the same day. If, however, opening begins after 2 p.m. * ; 

the flower may not be fully open by 5 p.m. the time of day when closing normally 
begins. All the partly or fully open flowers, close at night and re-open the next | 

morning between 9 and 10 a.m. i.e. a little earlier than the new buds open. Older 
flowers however, do not close completely at night. Some exceptional flowers do not 
close at all during the night. On cloudy and cold days, opening begins later and 
closing takes place earlier. The flowers continue to close and re-open for three to 
five days, after which the corolla fades. Sixty-eight flowers in six different types 
were kept under observation from 20-1-24 to 28-1-24. Among the sixty-eight, two 
flowers were abnormal, thirteen opened for three days only, twenty-six opened for | 

four days and twenty-seven opened for five days. 

The newly-opened flower is smaller in size and lighter in colour than the more 
mature flower. On the second or third day it reaches its fuU development and at 
that time the colour of the corolla is deepest. On the third or fourth day the corolla 
begins to fade. The breadth of the standard on the day on which the flower 
first opens varies from 1 ‘3 to 1'6 cm. It increases gradually until the corolla fades, 
the maximum breadf;h being 1‘8 to 2T cm. 

The following observations were made at Indore during the early part of March, 

1927. Four to five flowers on each of Types 1, 10, 11, 12, 13, 43, 50, 61 and 65 
were examined every hour for eight days. During the first few days all the flowers 
closed at night and re-opened in the morning. On the 12th March, however, a 
sudden rise in temperature occurred. Observations subsequent to this date 
showed a change in the flowering. The flowers of Types 2-10 (red or pink corollas) 
remained open all night. The flowers in Type 1 (white corolla) closed at night 
in the normal manner. In the types with blue corollas some flowers closed at night, 
some remained open. 

The time of opening of the individual flowers was earlier at Indore than at Pusa, 
probably again a temperature effect. Well-developed flower buds began to open 
at about 8 a.m. and were fully open by about noon. Young buds take the whole 
day for development and often begin to open at 4 p.m. After 4 p.m. they open no 
further but remain quiescent till morning when they become fully open in about 
three hours. All flowers which had been open the previous day began to open at 
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siuuise (6 A.M.) taking about two and a baif to tbree boiLcs to open. The flowers 
generally remain open for about forty-eight hours before fading begins. As at 
Pusa the standard increases in breadidi after the opening of the dower, but to a less 
extent. 

3. Pollination. 

In his Handbook of Flower FoUimtimi (Vol. II., p. 334-) Kniith describes the 
method of fertilization in Lathyrus sativus L. The observations made at Pusa 
confirm this description. 

“ Kirchner gives the following account of the bright blue or white flowers of this 
species. (‘ Fhra v. Stuttgart f pp. 511-12.) The claw of the large vexillum grasps 
the bases of the alae from above only. It is, however, attached to them very firmly, 
for its base possesses two pairs of folds placed almost at right angles to one another 
and projecting inwards, so as to fitelosely into corresponding depressions of the alae. 
The front edge of the carina is strengthened by a wing-like appendage and is ciuved 
like an S, in such a way that its end lies somewhat to the left. The tip of the right 
carinal petal is arched outwards, while the left one has a deep terminal fold, in front 
of which the style lies in the carina. As in Pimm the alae are Jrmly united with the 
carina,- the right ala, however, where it hes above the carinal tip, possesses a dilated 
fold contracted from above downwards, through which the end of the style, with 
its small stigma, projects when the carina is depressed. The style broadens above 
and is compressed from before backwards, but it is turned through an angle of 90“ 
in such a way that its morphological inner side, which bears collecting hairs directed 
obliquely upwards, is directed to the left and its hairless outer surface to the right. 
The anthers dehisce in the bud, and discharge their pollen into the stylar brush, by 
which it is transferred to insect visitors. 

Visitors, Kirchner observed the honey bee on cultivated plants in Wiirtemberg. 
When it settled in the middle of the flower it was dusted with pollen behind the head 
on the right side and regularly efleoted cross-pollination. It frequently stole nectar 
by thrusting its proboscis into the right side of the flower, occasionally touching 
the style with its feet.’’ 

At Pusa the anthers burst in the bud some time before the opening of the flower. 
seK-poUination generally taking place. Bees visit the flowers in fairly large numbers 
from 10 A.M. to 5 p.m. Seed is freely set under bag. These observations were con- 
firmed at Indore. The anthers burst in the bud ji^t as the keel and wings ap- 
pear, Bees and other insects visit the flowers during the latter part of the day. 
Seed is freely set under bag, 

4. Cross-pertilization. 

As the anthers burst before the bud is open, self-fertilization appears to be the 
normal procedure. Cross-fertilization is, however, sometimes brought about by 
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tlie visits of bees and other insects. As these insects onlj visit the flowers some 
time after the normal opening, it is probable that crossing only tabes place when the 
pollen of the flower visited is abnormal. 

That crossing does take place in India was observed in 1910 at Pusa. In a plot 
raised from local seed it was found that, while the great majority of ph^pts had 
blue flowers, a few aberrant plants with pink or red flowers occurred, TeMsingle 
aberrant plants were sown in October, 1909. Nine of these split giving pink and 
blue flowers. Only one red-flowered plant bred true as regards flower colour. In 
1924, the single plant cultures of T 3 rpes 1, 6 and 8 grown from seed bagged in 
1923 were quite uniform. Seed from bagged and unbagged plants of these cufrures 
was again grown in 1925. The seed from the bagged pknts gave a uniform pro- 
geny, true to type. The seed from the unbagged plants of these Types (1, 6, 8) 
produced a mixed progeny as follows : — 

(1) Type 1, a white flowered variety, produced 81 plants with white flowers 

and 1 plant with blue flowers. 

(2) Type 6, with pale pink flowers, produced 511 pale pink and 14 blue- 

flowered plants. 

(31 Type 8, possessing light red flowers, produced 691 light red, 2 pink and 

77 blue-flowered plants. 


Some interesting cases of variation in the colour of the corolla in flowers on the 
same plant were made both at Pusa and at Indore. At Pusa in Type 8 (corolla light 
red) a plant was observed on which there were four branches with red flowers and 
two branches with blue flowers. A similar case was seen at Indore in 1927 but 
in the white-flowered variety, 1. In a culture of 80 plants three were 

found to have blue flowers and white flowers on the same branch. The blue flowers 
resembled those of typical blue-flowered JcTiesari i.e., they showed a certain amount 
of crimson. In the first plant, two secondary branches of the same primary branch 
produced flowers of both colours. On the first, there were two blue flowers and one 
white flower, on the second, one entirely white flower, one white flower with blue 
spots on the standard and four blue flowers. The other branches of the plant 
produced white flowers only. In the second plant, one of the primary braiiches 
produced three blue flowers and two white flowers with blue spots on the apex of the 
standard. Three white flowers with blue spots and two entirely white flowers were 
borne on a side branch. The rest of the plant had white flowers only. In the third 
plant with coloured flowers, three white flowers with blue spots occurred near the 
apex of one of the primary branches, the rest of the flowers'on the plant" were'‘pure 
white. In all cases, the coloured flowers and the white flowers on the same branch 
were bagged and will be grown in 1927. 
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III. CLASSIFICATION AEB DESCBIPTION OF THE TYPES. 

In tlie sample of khesari examined it has been possible to distinguish fifty- six 
unit species. The chief morphological characters in which these types differ are 
(!) colour of the flower, (2) presence or absence of red pigmentation on the green 
pods, (3) colour and motthng of the seed coats. All these characters have been uti- 
lized in the classification. Further morphological differences exist in the pigmenta- 
tion of the vegetative organs and their degree of pubescence. These characters 
are, however, not very useful for diagnosis as they vary with the age of the struc- 
ture. Differences in habit, period of growth, tone of colour and size of the leaves 
were also observed. 

The fifty-six unit species have been grouped into three varieties according to the 
colour of their flowers : — 

var. with white flowers — one type. 

var. roseus with pink or red flowers — ^ten types. 

var. cyaneus with blue flowers — ^forty-five types. 

1. Notes ON THE CHAEACTEES. 

'Period of growth. There is a great difference between the types in regard to the 
time of flowering as measured by the opening of the first flower. In Pusa in 1923- 
24 the earliest type began to flower on December 24:th, the latest on January 27th. 
At Indore in 1927, the first type flowered on J annary 18th, the last on February 
21st, the crop having been sown somewhat late in the season. In both cases the 
difference between the earliest and latest flowering types was about a month, a some- 
what wide range for so short-lived a crop. Owing to the fact that maturation is 
often hastened by hot dry winds the difference between the times of ripeniug of the 
pods is not great. 

Halnt. In the young stage all the types are more or less spreading in their habit 
and run over the ground. Towards flowering time there is a general tendency to 
become more erect but the amount by which the various types raise themselves 
varies considerably. In general the tjrpes from the Oangetio Plain are more spread- 
ing, whereas theftypes of Peninsular India which form larger plants are more inclined 
to be upright. When the pods are ripening all the types straggle and become semi- 
erect. 

Vegetative organs — stems, leaves and stipules. The tone of colour varies from 
yellowish green to dark blue green, the latter often being rendered still darker by the 
presence of red colouring matter. Two types {1 and 31) are distinctly yellow in 
tone, fourteen may be described as light green, the rest show a blue green tone. These 
distinctions are best seen at flowering time. In some types a certain amount of red 
is foimd, This may occur on any or ail the vegetative structures ; its presence and 
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the amoDiit varying in the different types. Generally speaking, more red is found 
on the yoimger structures than on the old and there is often a marked diminution 
during the life of the plant. Sometimes the colour is diffused over the whole structure 
as in the leaves of Type 3. In most cases, however, it is found in linear patches 
on the stems and petioles or on the margins of the leaves or stipules. The variation 
in this character with the age of the plant makes it of small diagnostic value. 

Another character of the vegetative organs to which some attention has been 
paid is the presence of fairly long hairs on the steme, petioles and stipules. This 
character is best observed on the younger portions of the plant. The hairs are gener- 
ally found on the margins of the stipules and on the four angles of the quadrangular 
stem. 

Flowers. The colour of the flower is sufficiently distinct to be of definite value 
in distinguishing the types. In addition to white, three distinct tones of colour 
occur — blue, pink varying in intensity to crimson, and red (Plate I). Purple tones 
are formed by the superposition of pink on blue. In Type 1 the general colour of the 
flower is white, in Types 2-11 pink or red with only patches of blue, in the rest blue. 
These differences are sufficient to justify the creation of three varieties. In the blue 
flowers the ground of the standard is blue with prominent veins (which are really 
crimson but appear purple) and a large white eye with or without a pink or crimson 
margin. The differentiation of the large number of types with a blue standard 
presented some difficulty, but distinct differences were found in the colour of the back 
of the standard. In some it is purple with or without crimson patches, in others 
it is practically crimson. On the back of the standard the crimson colour of the veins 
shows well. There are no appreciable differences in the size or shape of the flower. 
The standard increases in size in the period during which the flower is open bub 
this is common to aU types. 

Pods, The green tone of the pods is similar to that of the vegetative organs. 
In certain of the types very definite red splashes or markings appear on the sides of 
the pods (Plate II). These marldngs are not present in the very young stage but 
make their appearance during the growth of the pod. The presence or absence of 
these markings is a definite diagnostic character. There are also distinct differences 
in size between the markings of the various types. On account of their suscepti- 
bility to the environment i.e. intensity of sunlight and age of the pod these differ- 
ences in size have no classificatory value. In addition to these definite markings 
the mature pods in practically al the types show some diffused purple colouration. 
This colour is always found on the winged dorsal suture and generally extends over 
the side. The amount of colour varies with the age of the pod, the exposure to 
sunlight and with the type. As this pigmentation is present to some extent in 
pract’cally all the unit species and is very susceptible to the effect of the 
environment it cannot be used to differentiate the types and has been omitted in 
the descriptions. The two pigmentations described above are quite distinct ; it is 
impossible to confuse the definite red markings with the diffused purple patches. 
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Seed. Tte seeds of Mesan iave a characteristic angular shape when well grown. 
They vary in size and in the colour of the seed coat, which may be of various shades 
of grey or of fawn. In some cases the seed coat looks black to the naked eye but 
this apparently uniform black colour is found on examination to be due to very heavy 
mottling, the colour of the seed coat being really grey. 

All the types with coloured flowers produce seed with mottling or marbling 
on the seed coat (Plate III). This mottling is visible to the naked eye and appears 
to be of varying intensity. It is a useful character in diflerentiating the types 
as it is constant in colour and pattern. 

To facilitate description three grades of mottling visible to the naked eye have 
been distinguished : — 

Grade, J. The general appearance of the seed coat is uniform. This may be 
due to the fact that no mottling is present or to the fact that the mottling is so heavy 
as to he almost continuous. 

Grad^ 2. The general appearance is uneven to the naked eye but the mottling 
does not stand out as spots. 

Grade 3, The seed coat appears even to the naked eye to be covered with distinct 
spots. 

When the mottling is examined under a lens it is found that three quite distinct 
patterns are present. These may all occnr together or any one of the three may be 
present alone. All the three patterns occur in two colours — brown and black. These 
three forms are useful in differentiating the types. Por the sake of convenience 
they have been termed (1) cloudy mottling, (2) speckled mottling, (3) belt 
marking. 

Olondy tnottUng. This consists of a more or less continuous pattern (some- 
what like Chinese cloud bands) over the surface of the seed. The bands composing 
the pattern are formed by minute dots which are scattered so that the ground 
colour is visible betw'-een them. These dots may be (1) black and close together 
when the mottling is termed Uach, (2) black and sparse when the mottling is termed 
hhckisli or f3) hro'mi (light brown, red brown or dark brown). In five types two 
cloudy mottlings are present, one blackish and one brown. These two patterns 
are superposed in most places on the seed but not everywhere. 

Speckled mottling. This term is used to describe the occurrence of spots of deep 
colour which occur irregularly on the seed coats. The colour in them is continuous 
and not in minute dots as in the cloudy mottling. These spots may be black or of 
var’ous shades of brown. They may be very sparse (only one or two per seed) or 
very numerous. 

Belt marking. In nearly all the seeds a ring or belt of colour starts from 
the hilum dividmg the seed into two parts. This belt never completely encircles 
the seed. The line is general y black but a brown belt was found in some types. 
The colour on the belt is continuous except in a few cases where the I’ne is 
broken. 
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2, Key to the Ind.la.n Types of lathyrus sativus L. 

I. Flowers wMte. var. Tv^'pe 1. 

II. Flowers pink or red. var, roseiis, \ 

A. Pods without marldngs. |’ 

1. Flowers pink . Type 2. ' 

2. Flowers pink with some blue patches . . , Type 3. ; 

3. Flowers purplish pink with much blue , . . Type 4, ■ 

4. Flowers crimson . , . . . , . Type 5. 

B. Pods with red markings. 

1. Flowers pale pink and white . . . . . Type 6, 

2. Flowers pink with some blue . . . . . Type 7. 

3. Flowers light red Type 8. 

4. Flowers deep pinlc 

a. Seed medium in size. 

(1) Seed black , . , , . Type 9. 

(2) Seed grey with black mottling (cloudy mottling black- 

ish ; speckled mottling black) . . Type 10. 

(3) Seed fawn with brown mottling (cloudy mottling 

brown ; speckled mottling black) . Type 11. 

III. Flowers blue. Y&i.cyaneus. 

1. Back of standard purple. 

A. Pods without markings. 

a. Seed small ....... Type 12, 

h. Seed medium in size. 

(1) Seed light grey with light mottling (cloudy mottling 

light brown ; speckled mottling black, sjjarse) 

Type 13. 

(2) Seed light fawn, fairly heavily mottled (cloudy 

mottling brown ; speckled mottling black) 

Type 14. 

(3) Seed dark coloured rn account of the very heavy 

mottling (cloudy mottling dark brown ; speckled 
mottling black, very sparse) , , Type 16, 
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?, Seed large. 

(1) Seed pale brown with distinct reddish brown mottling 

(cloudy mottling light brown ; speckled mottling 
dark brown) . . . . , Type 16. 

(2) Seed grey wdth distinct black mottling (cloudy 

mottling blackish ; speckled mottling black) 

Type 17. 

(3) Seed pnrple with indistinct mottling (cloudy mot- 

tling dark brown ; speckled mottling dark brown) 

Type 18. 

(4) Seed fawn with distinct black mottling (cloudy 

mottling light brown ; speckled mottling black) 

Type 19. 

(6) Seed reddish brown with indistinct dark brown mot- 
tling (cloudy mottling light brown ; speckled 
mottling reddish brown) ; . . Type 20. 

B. Pods with red markings. 

«. Seed medium in size. 

(1) Seed black (cloudy mottling black covering the 

whole ground ; speckled mottling black, sparse) 

Type21. 

(2) Seed grey with light mottling (cloudy mottling 

brown ; speckled mottling absent) . Type 22. 

(3) Seed pale yellowish brown with a moderate amount 

of mottling (cloudy mottling brown; speckled 
mottling black) , , . , Type 23i 

(4) Seed fawn with very heavy black mottling (cloudy 

mottling blackish ; speckled mottling black) 

Type 24. 

2. Back of standard bluish purple with crimson splashes. 

A, Pods without markings, 
a. Seed small. 

(1) Seed fawn (cloudy mottling absent ; speckled mottling 

black, sparse) .... Type 25. 

(2) Seed fawn with distinct brown mottling (cloudv 

mottling reddish brown ; speckled mottling 
^vtsent) Type 20.'" 
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5. Seed medium in size. 

(1) Seed fawn with heavy brown mottling (cloudy 

mottling light brown: speckled mottling dark 
brown, very sparse) . . . Type 27. 

(2) Seed purplish grey, mottling not very distinct (cloudy 

mottling dark brown ; speckled mottling dark 
brown) Type 28. 

(3) Seed reddish fawn with heavy mottling (cloudy 

mottling blackish ; speckled mottling black) 

Type 29. 

(4) Seed grey with indistinct mottling (cloudy mottling 

blackish ; speckled mottling black) . Type 30. 

(5) Seed dark grey with heavy mottling (cloudy mottling 

dark brown ; sj)eclded mottling black) Type 31. 

c. Seed large. 

(1) Seed greenish fawn, mottling sparse (cloudy mottling 

absent ; speckled mottling black) . Type 32. 

(2) Seed uniform purplish black, (cloudy mottling black- 

ish covering the whole ground ; speckled mottling 
black) . ... . . Type 33. 

(3) Seed pale fawn with heavy mottling (cloudy mottling 

dark brown ; speckled mottling black) Type 3-4. 

(4) Seed yellow with very heavy mottling 

cloudy mottling brown , Type 35. 
cloudy mottling blackish . Tyj)e36. 

(5) Seed grey with distinct mottling (cloudy mottling 
blackish ; speckled mottling black) , Tyi>c 37. 

B. Pods with red markings. 
a. Seed small. 

(1) Seed pale reddish fawn, mottling indistinct (cloudy 

mottling pale brown ; specldcd mottling absent) 
belt marking conspicuous . Type 38. 
belt marking indistinct . Type 40, 

(2) Seed grey, mottling indistinct, belt marking conspb 

ciioiis (cloudy mottling of two types, light brown 
and blackish ; speckled mottling black, very 
sparse) . . . . , Type 39. 
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(3) Seed grey with heavy mottling, belt marlrings in- 
conspicuous 

cloudy mottling of two types, brown 
and b'ack ... . Type 4-1. 

cloudy mottling bla,cidsh . . Type 42. 


3. Back of standard crimson. 

A. Pods without markings. 

0 : Seed small. 

(1) Seed reddish fawn, mottling indistinct (cloudy mot- 
tling reddish ])rown ; speckled mottling absent) 

Type 43. 

h. Seed medium in size. 

(1) Seed reddish fawn, mottling indistinct (cloudy 
mottling brown ; speckled mottling black) 

Type 45. 

c. Seed large. 

(1) Seed uniform black (cloudy mottling black covering 

the whole ground ; speckled mottling black, sparse) 

Type 44. 

(2) Seed grey with heavy mottling (cloudy mottling 

blackish ; speckled mottling black, sparse) 

Type 46. 

(3) Seed yellowish fawn, mottling distinct (cloudy mot- 

tling of two types brown and blackish ; speckled 
mottling black) . . . . Type 47. 

(4) Seed pale greyish fawn, mottling indistinct (cloudy 

mottling light brown ; speckled mottling black) 

Type 48. 

B. Pods with red marldngs. 

a. Seed small. 

(1) Seed reddish fawn, mottling indistinct (cloudy mot- 
tling brown), 

seed reddish fawn ; speckled mottling absent 
Type 49, 

seed pale reddish fawn; speckled mottling 
dark brown . . . Type 60, 
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(2) Seed light grey, mottling indistinct (cloudy mottling 

of two types, brown and blackish; speckled 
mottling black) .... Type 51. 

(3) Seed yellow with very distinct black mottling (cloudy 

mottling of two types, brown and blackish ; 
Si^eckled mottling black) , , Type 62, 

h. Seed medium. 

(1) Seed pale fawn, belt marking conspicuous (cloudy 

mottling brown ; speckled mottling black) 

mottling inconspicuous . , Type 63. 

mottling distinct , , . Type 54» 

(2) Seed reddish fawn, heavily mottled (cloudy mottling 

blackish ; speckled mottling bl ick sparse) 

Type 55. 

(.3) Seed grey, fairly heavily mottled (cloudy motthng 
of two types, brown and blackish ; speckled 
mottling absent) .... Type 56. 


3. Description OP THE Types. 
var. aHms. 

Type L Medium in maturity, (3-1-24). ^ Zeam yellowish green, (5*7 X0*5 cm.^j. 
No red on the stems or stipules. Hairs numerous on the stems and stipules, few 
on the petioles. Floivers w^hite ; standard white with yellow veins ; wings and keel 
white. Fods without markings. Seed medium in size ; ground colour greenish 
fawn ; no mottling of any kind. 

var. roseus. 

Type 2. Very early (24-12-23). Leaves blue green, (5‘2X0’5 cm.). A little red 
on the stems and stipules. No hairs on the stems, petioles or stipules. Flowers 
pink ; standard pink, veins yellow on the back and deep pink on the front, eye 
white and small ; wings pink ; keel w^hite with a little pink. Fods without mark- 
ings. Seed large ; ground colour reddish fawn ; mottling grade 1 ; cloudy mottling 
light brown ; speckled mottling brown, sparse ; belt marking black, continuous. 


i Date of opening of the tirat flower. 

^ Average length and breadth of the leaflets measured at Pusa in 1924. 
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Type 3. Medium in maturity {6-1-24), less vigorous than Type 6. Leaves red 
in (he se-.dling stage, dark reddish green at flowering time, (5-7 X 0*4 cm.). Much 
red on the stems and stipules. Flowers pale pink with a few blue patches ; standard 
pinlc in froiit with a few blue patches near the somewhat large white eye, veins pink 
on the front, yellow on the back ; wings pink ; keel white with a little pink. Pods 
without markings. Seed small ; ground colour fawn ; mottling grade 1 ; cloudy 
mottling brown ; s ecklcd mottling black, sparse ; belt marking black, con- 
"tiimous.'-'' 

Type 4. Medium in niatmuty (7-1-24), habit somewhat erect. Leaves somewhat 
light green, (5*1 X 0*4 cm.). No red on the stems or stipules. Hairs numerous on 
tbe stems and stipules, few on the petioles. Flowers purplish pink with a good 
deal of blue; standard purplish pink with much blue near the large white eye, 
veins prominent ; wings purplish pink with diffused blue colour on the margin ; keel 
white with some pink. Pods without markings. Seed small ; ground colour fawn ; 
mottling grade 3 ; cloudy mottling in two colours brown and blacldsh ; speckled 
mottling black ; belt marking black, discontinuous. 

Types. Medium in maturity (3-1-24). Leaves light green, (5*4 X 0*4 cm.). A 
little red on the stems and stipules. Hairs numerous on the stems and stipules, few 
on the petioles. Flowers crimson ; standard crimson with some blue patches round 
the eye, veins prominent ; wings crimson ; keel white with a good deal of pink. 
Pods without markings. Seed small ; ground colour fawn ; mottling grade 3 ; 
cloudy mottling pale brown ; speckled mottling dark brown ; belt marking black, 
continuous. 

Type 6. Medium in maturity (4-1-24), more vigorous than Type 3 which it re- 
sembles. Leaves blue green, (6*4 X 0*7 cm.), lighter in colour and broader than in 
Type 3. Some red on the stipules, none on the st(jms. Practically no hairs on the 
stems or petioles, a fair number on the stipules. Flowers pale pink ; standard 
pale pink fading to white near the large white eye, veins yellow ; wings pale pink ; 
keel white with some pale pink. Pods with red markings. Seed medium in size ; 
ground colour fawm ; mottling grade 2 ; cloudy mottling hrowm ; speckled mottling 
black ; belt marking black, continuous. 

Type 7, Very late (21-1-24). Ijcaves blue green, (4*2 x 0*4 cm.). No red on the 
stems or stipules. No hairs on the stems, petioles or stipules. Flowers pink ; stand- 
ard pink viith a blue edge, veins crimson on the front, yellowish on the back, eye 
white and large ; wings pink ; keel practically white. Pods with red marldngs. 
Seed medium in size ; ground colour grey ; mottling grade 2 ; cloudy mottling brown ; 
speckled mottling black, sparse ; belt marking reddish brown, continuous. 

Type 8. Medium in maturity (7-1-24). imm light green, (5*0 x 0*5 cm.). No 
red on the stems or stipules. Hairs few on the stems, numerous on the petioles and 
stipules. Flowers light red ; standard light red with deep red veins, eye small and 
white with a little blue on the margin ; wings light red ; keel practically white. Pods 
with red markings. Seed small , ground colour reddish fawn ; motfchng grade 2 ; 
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cloudy mottling reddisli brown ; speckled mottling Jieddisli brown ; belt marking red- 
dish brown, continuous. 

Type 9. Very late (19-1-24:). Leaves blue green, (3*5x0'4cm.). Muck red on 
tke stems and stipules. Some hairs on the stems, petioles and stipules. Flowers 
deep pink ; standard deep pink in front lighter on the back, veins prominent, eye 
with a little blue on the margin ; wings deep pink ; keel white with a little pink. 
Pods with red markings. /Seed medium in size ; ground colour grey, but appears 
blac on account of the heavy mottling ; mottling grade 1 ; cloudy mottling black 
covering the whole ground ; speckled mottling black, sparse, hardly visible ; belt 
marking black, continuous. 

Type 10. Late (14-1-24). Leaves dark blue green, (4*5x0*4 cm.). Much red 
on the stems and stipules. No hairs on the stems and petioles, many on the stipules. 
Flowers deep pink; standard deep pink in front, lighter on the back, veins not promi- 
nent, eye white with a little blue on the margin ; wings deep pink ; keel white with a 
little pink. Pods with red markings. Seed medium in size ; ground colour grey ; 
mottMng grade 3 ; cloudy mottling blackish ; speckled mottling black ; belt marking 
black, continuous. 

Type 11. Very late (28-1-24). Leaves blue green, (5'7 xO 6 cm.). No red on 
the stems or stipules. Numerous hairs on the stems, petioles and stipules. Flowers 
deep pink, standard deep pink in front, lighter on the back, veins somewhat pro- 
minent , eye white with a little blue on the margin ; wings deep pinic ; keel white 
with a little pink. Pods with red markings. medium in size ; ground colour 
fawn ; mottling grade 2 ; cloudy mottling brown ; speckled mottling black ; belt 
marking black, continuous. 


var. cyaneus. 

Type 12. Very late (25-1-24). Leaves a somewhat dark blue green, (4‘7 x0'4cm.). 
Much red on the stems and stijniles. Numerous hairs on the stems, petioles and 
stipules. Flowers blue ; standard blue in front and purple at the back, with much 
crimson, veins prominent, eye white with a pink border ; wings pink below, blue 
above ; keel white with some pink. Pods without markings. Seed small ; gromid 
colour fawn ; mottling grade 2 ; cloudy mottling light brown ; speckled mottling 
black ; belt marking black, discontinuous. 

Type 13. Medium in matmity (3-1-24), habit somewhat erect. Leaves blue 
green, (4*7 x0*l cm.). No red on the stems, a little on the stipules. Hairs few on 
the stems ; numerous on the petioles and stipules. Flowers blue ; standard blue 
with a crimson tinge in front, purple at the back, veins crimson, eye white with a 
pink margin ; wmgs blue above, pink below ; keel white with some pink. Pods 
without markings. Seed medium in size ; ground colour grey ; mottling grade 2 ; 
cloudy mottling light brown ; speckled mottling black, sparse ; belt marking black, 
continuous. 
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Type 14. Late (9-1-24). Leaves blue green, (6-3 x 0-6 cm.). No red on tbe 
stems or stipules. Numerous bairs on tbe stems, petioles and stipules. Flowers 
blue ; standard blue in front, light purple at the back, eye white with a })ink border, 
veins .vimson ; wings blue above, pink below ; keel white with some pink. Pods 
without markings. Seed medium in size ; ground colour fawn ; mottling grade 3 ; 
cloudy mottling brown ; speckled mottling black ; belt marking black, continuous. 

Type 15. Early (24-12-23). Leaves light green, (5*6 x0*6 cm.). A little red on 
the stems and stipules. No hairs on the stems ox petioles, a few on the stipules. 
Fhwers blue ; standard blue in front and purple at the back, veins crimson, promi- 
nent, eye white with a pink border ,* wings blue above ; pink below ; keel white with 
some pink. Pods without markings, SeM medium to large ; ground colour 
fawn ; mottling grade 3 ; cloudy mott'ing dark brown ; speckled mottling black, 
very sparse ; belt marking black, continuous. 

Type 16. Early (30-12-23). Leaves light green, (6-0x0’5 cm.). A little red 
on the stems, none on the stipules. Hairs numerous on the stems, petioles and 
stipules. Flowers blue ; standard blue in front, purple at the back with much crim- 
son, veins crimson, prominent, eye white with a pinlc border ; wings blue above, 
pink below ; keel white with a little pinlc. Pods without markings, Se£d medium 
in size ; ground colour reddish fawn ; mottling grade 2 ; cloudy mottling light brown ; 
speckled mottling dark brown ; belt marking very dark brown, continuous. 

Type 17. Early (24-12-23), habit spreading and open. Leaves blue green with 
a good deal of red, (5'2x0-4 cm.). Much red on the stems and stipules. Hairs 
numerous on the stems, few on the petioles and stipules. Fhwers blue ; standard 
deep blue in front, deep purple at the back, but with so much diffused crimson as 
to make it appear almost crimson, veins crimson, eye white ' ith a pink border ; 
wings blue above, pink below ; keel white with a good deal of pink. Pods vitli mt 
markings. Seed large ; ground colour grey ; mottling grade 3 ; cloudy mottling 
blackish ; speckled mottling black ; belt markings black, continuous. 

Type 18. Very early (24-12-23), vigorous. Leaves light green, (5-8 X 0-5 cm.\ 
No red on the stems or stipules. A few hairs on the stems, petioles and st’pules. 
Flowers blue ; standard blue in front, purple at the back, veins crimson, eye white 
with a pink border ; wings blue above, pink below ; keel pink in front and white 
at the back. Pods without markings. Seed large ; ground colour fawn ; mottling 
grade 1 ; cloudy mottling dark brown ; speckled mottling dark brown, sparse ; be t 
marking black, discontinuous. 

Type 19. Medium in maturity (7-1-24). Leaves blue green, (5*3 X 0*6 cm.). 
No trace of red on the stems or stipules. Hairs numerous on the stems, few on the 
petioles and stipules. Fhwers pale blue ; standard light blue in front verging to 
pink at the sides, light purple at the back, veins crimson, eye white with a pink 
border ; wings blue above, pink below ; keel white w th some pink. Pods without 
mark ngs. Seed large ; ground colour fawn ; mottling grade 2 ; cloudy mottling 
ligbt brown ; speckled mottling black ; belt marking black, eonfiiuous. 
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Type 20. Very eaxly (24-12-23). light green, (7*8 x0“5 cm.). No 

trace of red on the stems or stipules. Hairs numerous on the stems and stipules, 
absent on the petioles. Flowers blue ; standard blue in front and purple at the back 
with some crimson, veins crimson, prominent, eye white with a crimson border ; 
wings blue above, pink below ; keel white with some pink. Fods without markings. 
Seed large ; ground colour reddish fawn ; mottling grade 1 ; cloudy mottling light 
brown ; speckled mottling reddish brown •, belt marking very dark brown, con- 
tinuous. 

Type 21. Very late (25-1-24). Leaves light green, (4'3x0'5 cm.). A very 
little red on the stems and stipules. A few hairs on the stems, petioles and stipules. 
Flowers blue ; standard deep blue in front and purple at the back, veins crimson, 
prominent, eye white with crimson border ; wings blue above, pink below ; keel 
white with a little pink. Pods with red markings. Seed small ; ground colour 
grey, but the seed appears black on account of the heavy mottling ; mottling grade 
1 ; cloudy mottling black covering the whole ground ; speckled mottling black, 
very sparse ; no belt marking. 

Type 22. Very late (18-1-24). Leaves blue green, (5*4 x 0*7 cm.). Much red 
on the stems and stipules. Hairs numerous on the stems, petioles and stipules. 
Flowers blue ; standard deep blue in front and purple at the back, veins crimson, 
eye white with a pink border ; wings blue above, pink below ; keel white with 
some pink. Pods with red markings. Seed medium in size ; ground colour 
greenish grey ; mottling grade 2 ; cloudy mottling brown ; speckled mottling absent ; 
belt marking black, discontinuoxis. 

Type 23. Very late (19-1-24). Leaves blue green, (4*3 x 0*6 cm.). Much red 
on the stems and stipules . Hairs fairly numerous on the stems, petioles and stipules. 
Fwwers blue ; standard blue in front and purple at the back with much crimson, 
veins cr'mson, very prominent, eye white with a pink border ; wings blue above, pink 
below ; keel white with some pink. Pods with red markings. Seed medium in size, 
ground colour fawn ; mottling grade 2 ; cloudy mottling brown ; speckled mottling 
black ; belt markings black, continuous. 

Type 24. Very late (28-1-24). Leaves light blue green with some red, {4’4x 
0‘5 cm.). Much red on the stems and stipules. Some hairs on the stems and pe- 
tioles, a few on the stipules. Flowers blue ; standard deep blue in front, purple 
at the back, veins crimson, eye white with a pink border ; wings blue above, pink 
below ; keel white with some pink. Pods with red markings. Seed medium in size ; 
ground colour fawn ; mottling grade 3 ; cloudy mottling blackish brown ; speckled 
mottling black ; belt marking black, continuous. 

Type 25. Late (13-1-24). Leaves blue green, (5-4 x 0-5 cm.). A little red on the 
stipules, none on the stems. Hairs numerous on the stems, petioles and stipules. 
Flowers blue ; standard blue in front, light purple at the ba jk, veins crimson, eye 
white with a pink border ; wings blue above, pink below ; keel w ^^jyit h a little pink. 
Pods without markings. Seed small ; ground colour ; cloudy 
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mottling absent; speckled mottling black, very sparse; belt marking black in 
s 3parate dots. 

Type 26. Late (14-1-24). Leaves light blue green, {6-4 x 0*7 cm.). A little 
red on the stems, much on the stipules. Hairs numerous on the stems, petioles and 
stipules. Flowers blue ; standard blue in front, light purple at the back with some 
crimson patches, veius crimson, prominent ; wings blue above, pink below ; keel 
white with a little pink. Pods without markings. Seed small ; ground colour fawn ; 
mottling grade 3 ; cloudy mottling reddish brown ; speckled mottling absent ; belt 
marking black, continuous. 

Type 27. Late (13-1-24). Leaves dark blue green with much red, (5'2 x 0*6 cm.). 
A good deal of red on the stems and stipules. Hairs numerous on the stems, petioles 
and stipules. Flowers blue ; standard deep blue in front, deep purple at the back 
with some crimson, veins crimson, prominent ; eye white with a pink border ; wings 
blue above, pink below ; keel white with a little pink. Pods without markings. 
Seed medium in size ; ground colour fawn ; mottling grade 2 ; cloudy mottling light 
brown ; speckled mottling dark brown, very sparse ; belt marking black, continuous. 

Type 28. Very early (24-12-23). Leaves light green, (4-6 X 0-6 cm.). A little 
red on the stems and stipules. Only a few hairs on the stems and stipules, none 
on the petioles. Flowers blue ; standard blue in front, almost crimson at the back, 
veins crimson, eye white with a crimson border ; wings blue above, pink below- ; 
keel white with a little pink. Pods without markings. Seed medium in size ; ground 
colour grey ; mottling grade 2 ; cloudy mottling dark brown ; speckled mottling 
dark brown; belt markings black, continuous. 

Type 29. Early (27-12-23). Leaves light green, (5’6x0‘6 cm.). Very little 
red on the stems and stipules. Hairs fairly numerous on the stems and stipules, 
none on the petioles. Flowers blue ; standard blue in front and light purple at the 
back with a good deal of diffused crimson, eye white with a crimson border ; wings 
blue above, pink below ; keel white with a little pink. Pods without markings. Seed 
medium in size ; ground colour reddish fawn ; mottling grade 3 ; cloudy mottling 
blackish ; speckled mottling black ; belt marking black, continuous. 

Type 30. Early (24-12-23). Xeawes light green, (5-7x0'6 cm.). No red on the 
stems or stipules. Hairs numerous on the stems, petioles and stipules. Flowers 
blue ; standard blue in front, light purple at the back with much crimson, veins 
crimson, eye white with a crimson border ; wings blue above, pink below ; keel white 
with a little pink. Pods without markings. Seed medium in size ; ground cmour 
yellowish grey ; mottling grade 2 ; cloudy mottling blackish ; speckled mottling black, 
sparse ; belt marking black, continuous. 

Type 31. Late (10-1-24), habit somewhat erect. Leaves yellowish green, (4-9 
X 0-5 cm.). No red on the stems or stipules. A few haus on the stems and petioles, 
many on , the stipules. Flowers blue ; standard blue in front, light purple at the 
back with a good deal of crimson, veins crimson, eye white with a crimson border ; 
wings blue above, pink below ; keel white with a little pink. Pods without markings. 



SOWAED Am ABDtm EAHMAN KHAN 7$ 

S iV™ ’■ r“f ? 3 ; cloudy mottling dark 

broTO ; speckled mottlmg black ; belt marking black, continuous. 

iYPE 32 Early (26-12-23), habit somewhat erect, icamblue green, (6'6x0-5 
cm.). Fery httle red on the steims and stipules. Hairs lew on the stems and petioles 
umerons on the stipules. ^Iowot blue ; standard blue in front, purple at the back 
with some crimson, veins crimson, eye white with a pink border ; wings blue above, 
pmk below; keel white with a little pink. P«& without markings. Serf large • 
groimd colour fa™ ; motthng grade 2 ; cloudy mottlmg absent ; speckled mottling 
black ; belt marking black, continuous. 

Iype 33. Early (26-12-23). Leaves blue green, (5-7 X 0*6 cm.). No red on the 
stems and stipules. Hairs numerous on the stems and stipuhis, very few on the pe- 
tioles. Flozvers blue ; standard blue in front, light purple at the back, veins crimson 
prominent, eye white witli a pmk border ; wings blue above, pink below • keel pink 
above, white below. Pods without markings. Seed large; ground colour grey 
the seed however appears black on account of the heavy mottling ; mottling grade 1 • 
cloudy mottling blackish covering the whole ground ; speckled mottling black • belt 
marking black, continuous. 

Type 34. Early (27-12-23). Leaves light green, (5-0x0'5 cm.). Very little 
red on the stems, more on the stipules. Only a few hairs on the stems and stipules 
none on the petioles. Flowers blue ; standard blue in Hont, purple at the back 
with much crimson, veins crimson, prominent, eye white with a pink border- wings 
blue above, pink below ; keel white with a little pink. Pods without markings 
Seed large ; gromid colour grey ; mottling grade 3 ; cloudy mottling dark brown • 
speckled mottling black ; belt marking black, discontinuous. 

Type 35. Early (24-12-24), habit somewhat erect. Leaves light blue green 
(4-9 X 0-4 cm.). No red on the stems or stipules. Hairs few on the stems and petioles’ 
fairly numerous on the stipules. Flowers blue ; standard blue in front, purple at. 
the back, veins crimson, eye white with a crimson border ; wings blue above pink 
below ; keel white with a little pink. Pods without markings. Seed large ; ground 
colour grey; mottling grade 3; cloudy mottling dark brown; speckled mottling 
black ; belt marking black, continuous. ® 

^Type 36. Very early (24-12-23). Leaves light green, (5-1 x 0-4 cm.). ^Some 
red on the stems, none on the stipules. No liairs on the stems or petioles, a few 
on the st'pules. Fkmers blue ; standard deep blue in front, deep purple at the back 
veins crimson, eye white with a pink border ; wings blue above, pink below ; keel 
white with a little pink. Pods without markings. Seed large ; ground colour 
fawn ; mottling grade 3 ; cloudy mottling blackish ; speckled mottling black ; belt 
marking black, continuous. 

Type 37. Ear y (24-12-23). Leaves blue green, (6-5 X 0-8 cm.). No red on the 
stems or stipules. Hairs numerous on the stems, petioles and stipules. Flowers 
blue standard blue ui front, purple at the back, veins crimson, eye white with a 
pink border wings blue above, pink below ; keel white with some pink. Pods 



witiioub markings. &ecd large \ ground colour grey ; mottling grade 3 ; cloudy 
mottling blackisii j speckled mottling black ; belt marking black, con* 
tinuous. 

Type 38. Medium in maturity (4-1-24). Leaves blue green, (6*lx0‘5 cm.). No 
red on the stems or stipules. Hairs numerous on the stems, petioles and stipules. 
Flowers blue ; standard deep blue in front and 'deep purple at the back, veins crimson, 
eye white with a pink border ; wings blue above, pink below ; keel white with a 
little pink. Fods with red markings. Seed small ; ground colour fawn ; mottling 
grade 2 ; cloudy mottling light brown ; speckled mottling absent ; belt marking 
black, continuous. 

Type 39. Medium in maturity (3-1-24). Leaves dark blue green, (5*3 X 0'5 cm.) . 
Very little red on the stems and stipules. Hairs fairly numerous on the stems, 
petioles and stipules. Flowers blue ; standard blue in front and light purple at 
the back, veins crimson, prominent, eye white with a pink border ; wings blue 
above, pink below ; keel white with a little pink. Pods with red markings. Seed 
small ; ground colour grey ; mottling grade 2 ; two types of cloudy mottling super- 
posed light brown and blackish ; speckled mottling black, very sparse ; belt marking 
black, continuous. 

Type 40. Very late (22-1-24). Iieam light green, (5'3x0'6 cm.). A little red 
on the stems, much on the stipules. Hairs numerous on the stems, petioles and 
stipules. Flowers blue ; standard blue in front, purple at the back but with so 
much difiused crunson as to make it appear almost crimson ; veins crimson, eye 
white with a pink border, wings blue above, pink below; keel white with a 
little pink. Pods with red markings. Seed medium in size ; ground colour fawn ; 
mottling grade 2 ; cloudy mottling reddish brown ; speckled mottling absent ; belt 
marking slight, black, discontinuous. 

Type 41. Very late (26-1-24). Leaves light green, (3*7x0‘5 cm.). Very little 
red on the stems or stipules. Some hairs on the stems, petioles and stipules. Flowers 
blue ; standard blue m front, purple at the back with some diffused crimson, veins 
crimson, eye white with a pink border ; wings blue above, pink below ; keel white 
with some pihk. Pods with red markings. Seed small ; ground colour grey ; 
mottling grade 3 ; two types of cloudy mottling superposed, one blackish, the other 
red brown ; speckled mottling black ; belt markings black, continuous. 

Type 42. Very late (29-1-24). Aeam blue green, (4‘6x0"6 cm.). Much red 
on the stems and stipules. Some haics on the stems, petioles and stipules. Flowers 
blue ; standard blue in front, purple at the back with some diffused crimson, 
veins somewhat dark, eye white with a pink border ; wings blue above, pink below ; 
keel white with a small amount of pmk. Pods with red markings. Seed small ; 
ground colour grey ; mottling grade 3 ; cloudy mottling blackish ; speckled mottl ng 
black ; belt marking black, continuous. 

Type 43, Medium in maturity (3-1-24). Leaves dark blue green, (6 4x0'6 cm.). 
A httle red on the stems and stipules. Hairs numerous on the stems, petioles and 
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stipules. Flmers blue ; standard blue in feont, 
ey® white with deep crimson border ; wings pinl? 
some pink. Pods without markings. Seed sm 
grade 2 ; cloudy mottling reddish brown ; spec] 
black, continuous. 

Type 44. Very early (24-12-23). Leaves lig 
red on the stems or stipules. A few hairs on tl 
stipules. Flowers blue ; standard bhie in front 
Types 46, 46, 47 and 48, crimson at the back, 
veins crimson, eye white with pink border ; V 
white with some pink. Pods without marking} 


stipules. Flmers blue ; standard blue in feont, 
eye white with deep crimson border ; wings pinl? 
some pink. Pods without markings. Seed sm 
grade 2 ; cloudy mottling reddish brown ; spec] 
black, continuous. 

Type 44. Very early (24-12-23). Leaves lig 
red on the stems or stipules. A few hairs on tl 
stipules. Flowers blue ; standard bhie in front 
Types 46, 46, 47 and 48, crimson at the back, 
veins crimson, eye white with pink border ; V 
white with some pink. Pods without marking} 


at the back, ye'ns crimson, 
, blue above ; keel white with 
^ . Seed small ; ground colour fawn * mottling 
• reddish brown ; speckled mottling absent ; belt marking 

Leaves light Vue green, (6‘8x0-6 cm.). Wo 
A few hairs on the stems and petVes, many on the 
; standard Vue in front, somewhat lighter in tone than in 
t8, crimson at the hack, but not so deep as in some types, 
with pink border; wings blue above, pink below; keel 
. without markings. Seed large; ground colour grey 

only visible with a lens; mottling grade 1 ; cloudy mottl'ng black covering tbe 
woe ^o^nd ; speckled mottling black, very sparse ; belt marking b^ack, conti- 
nuous but almost invisible owing to the heavy cloudy mottling. 

Type 45. Early (26-12-23). T^eaves light green, (5 6x0*6 cm.). A little red 
on the stems none on the stipules. Hairs numerous on the stems and stipules, few 
on the petioles. Flotoers Vue ; standard blue in front and crimson at the back, 
veins cnmson eye white with crimson border ; wings Vue above and pink below ; 
keel white with some pink. Pods without markings. Seed medium in size ; ground 
CO our fa^ ; mottling grade 2 ; cloudy moWing brown ; speckled mottling black ; 
be't marking black, continuous. 

Type 46. Very early (24-12-23). Zmies I'gbt green, (5*lx0*6 cm.). Wo red 
on the stems, very little on the stipules. A few hairs on the stems and petioles, 
many on the stipules. Flowers Vue ; standard blue in front and crimson at the back, 
veins crimson, eye white with a pink border; wings blue above and pink below ; 

ee w 1 6 wit some pink. Pods without marking. Seed large ; ground colour 
faw ; mottlmg grade 3 ; cloudy mottKng blacMsh ; speckled mottling hlack, sparse ; 
belt marking black, continuous. 

Tyte 47 Medium in maturity (6-1-24). Xmre^light Vue green, (6*4 X 0*7 cm.l. 
Wo red on the stems or stipules. Wo hairs on the stems or petiVes, many on the 
stipules Fleers blue ; standard blue in front, crimson at the back, veins crimson, 
eye white with a pmk border; wings bine above, p^nk beW ; keel white wifi' 
some ^ink Pods without markings. Seed large ; ground colour a very pale yellow 
faw ; mottling grade 3 ; cloudy mottling of two types supemosed brown and black- 
ish ; speckled mottling black ; belt marHng black, contimious. 

77^ (24-12-23); slightly more erect than Tvpe 47. Leaves 
light bine green, (5*4x0-5 cm.). Wo md on tbe stems or stipules: A few hairs 
on the stems, none on the petioles, many on the stipules. Flowers blue ; standard 
blue m front and crimson at the back, veins crimson, eye white with a pink'border : 
^ngs blue above, pmk below ; keel white with some pink. Pods without markings; 
^^eed large ; ^imd colour grey ; mottling grade 2 ; clondy’^mottling light brown : 
speckled mottling black, sparse ; belt marking black, continiious. 



THE INDIAN TSrPES OF LATHYRUS SATIVUS L. 


Type 49. Medium in maturity (3-1-24). Leaves ligh t blue green, (5*2 x 0*7 cm.). 
A little red on the stems, much on the stipules. A few hairs on tlie stems and petioles, 
many on the stipules. Flowers blue ; standard deep blue in front, deep crimson 
at the back, veins crimson, eye white with much diffused crimson ; wings pink below, 
blue above ; keel white with some pink. Fads with red markings. Seed small ; 
ground colour fawn ; mottling grade 2 ; cloudy mottling dark brown ; speckled 
mottling absent ; belt marking black, discontinuous. 

Type 60. Early (27-12-23). Leaves him green, (4-9 X 0*6 cm,). Mo red on the 
stems, very little on the stipules. Hairs numerous on the stems, petioles and 
stipules. Flowers blue ; standard blue in front, crimson at the back, veins crimson, 
eye white but with much diffused crimson ; wings pink below, blue above ; keel 
white with some pink. Pods with red markings. Seed, small ; ground colour 
fawn ; mottling grade 2 ; cloudy mottling light brown ; speckled mottling dark 
brown ; belt marking black, continuous. 

Type 61, Very late (16-1-24). Leaves blue green, (4*2 X 0*6 cm.). Much red on 
the stems and stipules. Some haics on the stems, petioles and stipules. Flowers 
blue ; standard blue in front with patches of crimson at the back, veins crimson, eye 
white with a crimson border ; wings blue above, pink below ; keel white with some 
pink. Pods with red markings. Seed small ; ground colour light grey ; mottling 
grade 2 ; cloudy mottling of two types light brown and blackish ; speckled mottling 
black ; belt marking black, continuous. 

Type 52. Late (14-1-24). Leaves blue green, (4*0 X 0*5 cm.). Much red on the 
stems and stipules. Harrs numerous on the stems, petioles and stipules. Flowers 
blue ; standard blue in front, crimson at the back but in patches, veins crimson, 
eye white with crimson edge ; wings blue above, pink below ; keel white with some 
pink. Pods with red markings. Seed small ; ground colour yellow ; mottling grade 
3 ; two types of cloudy mottling superposed one reddish brown, the other blackish; 
speckled mottling black ; belt marking black, discontinuous. 

• Type 53. Medium in maturity (7-1-24). Leaves blue green, (5*1x0 6 cm.). 
No red on the stems, some on the stipules. Hairs numerous on the stems, petioles 
and stipules. Flowers blue ; standard blue in front, crimson at the baci?:, veins 
crimson, eye white with pink border ; wings blue above, pink below ; keel white 
with some pink. Pods with red markings. Seed medium in size ; ground colour 
fawn ; mottling grade 2 ; cloudy mottling brown ; speckled mottling black, sparse ; 
belt marldng black, continuous. 

Type 64. Medium in maturity (4-1-24). Leaves blue green, (5*3 x 0*5 cm.). 
Much red on the stems and stipules. Hairs nmnerous on the stems, petioles and sti- 
pules. Flowers blue ; standard blue in front, crimson at the back but lighter in tone 
than in Types 61 and 53, veins crimson, eye white with a pink border ; wings blue 
above, pink below ; keel white with some pink. Pods with red markings. Seed 
medium in size ; ground colour fawn ; mottling grade 3 ; cloudy mottling reddish 
brown ; speckled mottling black ; b.>lt markings black, continuous. 
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Type 55. Very late {23-1-24). Leaves light blue green, (6*3 x 0*6 cm.). A little 
red on the stems and stipules. Hairs numerous on the stems, petioles and stipules. 
Flowers blue ; standard blue in front, crimson at the back, deeper in colour both on 
the front and back than in Types 51, 53 and 64, veins crin^on, eye white with a 
pink border ; wings blue above, pink below ; keel white with much pink. Pods 
with red markings. Seed medium in size ; ground colour reddish fawn ; mottling 
grade 3 ; cloudy mottling blackish ; speckled mottling black, sparse ; belt marking 
black, continuous. 

Type 56. Very late (19-1-24). Leaves dark blue green, {4-2 X 0*6 cm.). Much 
red on the stems and stipules. Hairs numerous on the stems, petioles and stipules. 
Flowers blue ; standard blue in front, crimson at the back, veins crimson, eye white 
with a pink border ; wings blue above, pink below ; keel white with much pink. 
Pods with red markings. Seed medium in size ; ground colour grey ; mottling 
grade 3 ; two types of cloudy mottling superposed one reddish brown, the other 
blackish ; speckled mottling black, very sparse ; belt marking black, continuous. 
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;FRU1T-E,0T disease OE cultivated CUCURBITAOEyE 
CAUSED BY PYTHIIJM APHANIDERMATUM (EDS). FITZ. 

BY 

M. MITBA, M.Sc., F.L.S., 

First Assistant to iJie Imperial Mycologist^ 

AND 

L. S. SUBRAJVIANIAM, F.L.S., 

Assistant to the Impefrial Mycologist. 

{Received fov publication on 20tli May 1927.} 

For tlie last few years in Pnsa during tire monsoon a fruit-rot disease of various 
members of the Ciicurbitacege has been doing considerable damage to the fruit both 
in the field and in storage. In 1922 a species of PytMum was isolated from Luffa 
acutangula (tori), L. cegyptiaca {gheaura)> TricJiosanthes anguina, L. (snake gourd), 
T. cUcica (parwal), Giicumis satmis {laliira), Lagenaria vulgaris {hudio or luuM), 
Momordica Clmranlia (karela) and Oucmiis Melo vai. Momordica {phut). All 
these plants are very important as their fruits are used as vegetables in India. 

The fungus is more prominent on fruits than on leaves and stems and forms a 
luxuriant woolly mycelial weft. The whole fruit appears as if wrapped in absorbent 
cotton. This external appearance is found on all those host plants which the fungus 
has been foimd infecting. The tissues in the interior of the fruits become watery 
and soft and the decaying matter emits a bad odour. It is common in the field during 
and after the rains and most of the fruits lying on the soil or hanging near the ground 
level are attacked. The disease spreads among the fruits when they are instore. 

This fungus has also been observed in the United States of America on cucumber 
and egg plant fruits and has been reported recently by Brechshler as doing 
a considerable amount of damage. 

Microscopic examination of afiected fruits of these Cucurbitace® reveals unsep- 
tate mycelium and the mycelium both in the rotten portion and on the surface is 


^Drechaliler, C. The cottony leak of ciicuinber caused by Pythium aphanidermatam Jcnrnal 
.4f/r2’. Jie«.,Vd. XXX,No 11. ' 

2 Dre'-hshler, C. The cottony leak of egg plant fruits caused by Pyihmm aphanidmrMuw Phyto^ 
pathology f Vol. XVI, p. 16, 1926, 
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raUlT-BOT DISEASE Off CUOfJBrBITAOEJfl 


Mi of oogonia antheiidia and oospores. The fungus was isolated and taktni into 
culrareby transferring some of the aeriar woolly mycelium by means of a sterile, 
needle direct from the specimen found in the field and also by first ta'.eping th.e in fect- 
ed specimen side by side with a healthy fruit and when the fungus hud formed, a gootl 
growth on the healthy fruit, then transferring a portion of actively growing myceliii ju 
to a culture tube. 

Ail the strains grow very well in culture of different kinds, unci cspecjiully well 
on oat-meal agar where the fungus forms a good woolly aerial growth full of oogonia 
and oospores. Sporangia and zoospores are not formed in any medirnn, but if u 
little of the culture is put in tap or distilled water in a basin to which some ants killetl 
in boiling w^ater are added, zoosporangia are formed within six hours. The zoos- 
porangium and the mode of discharge of the zoospores are exactly like those of 
Pythimn belonging to the gracile group. They also resemble IMson’s Mheos- 
fomngkmi apJimiiimnatmn,'^ a reference to which will be made later on. 


Paeasitism. 

[In order to avoid repetition of names, the following letters are adopted to rcipresent 
various strains and hosts. — 

¥x^-Pyt?i,mn strain isolated from Lvjfa aouiaiujula Hi 

Pa— 

Pr- 
^ :p.i- 

Pr-™ 

Po- 

p-j— 

Ps— 

All the strains isolated were inoculated on their respective liosts a-nd tluiy readily 
infected and produced woolly aerial growth on the sur,face and penetrated iuto iJm 
tissue of the fruits causing decomposition and rotting. The re-i.sola.tiou of ilu^.su. 
different strains was done and they resembled the original ones found in imtui-s*. 

Healthy fruits were washed with corrosive sublimate (1 part in J ,000 c.t\ of water) 
and then washed thoroughly with sterile distilled water. Disea.sed fruits wera, tlie.n 
kept with these sterilized fruits side by side almost touching in moist e.hambers 
and within 24 hours 1 he fungus had passed over to the healthy fruit and in 48 hours 
had spread and formed a woolly aerial growth almost covering three-fourth o,f the 
fi-nit. In another 24 boars the whole fruit became badly infected and began to give 
a putrid smell. 


I Edsoii, U. A, BJimpormgium apJmiidermaium. A now gemis and speoieB of fiumciB pavaBiUc »>t. 
sugar teota jtnd radishos. Joaf. JRes., Vol. IV, No. 4. 


Tricliomnthes aimuinu //j, 

„ tlioica 
Cucumis mtiv’ua 
Lagenarki vulgctm Hq 
M omordica CImranfda i/7 
Cucumis 31 do var. limnordmt Hs 
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,f ® collection of tealtky fruits in a room and such 

t!nhT^ T ’"T r “T''*®*® ^ fo^cr became infected in 24 hours 

and at whole collection became infected and unfit for human consumption in a few 

hoste!"' attains are parasitic on their respective 

Crass- WotioM. All the strains (P^-P,) when cross-inoculated on each other’ s 
hosts were iound to infect those hosts readily. 

The mocrda,tion and cross-inoculation experiments prove that all the strains are 
parasitic and affied to each other. tuums art 

Mall the steams showed a good deal of resemblance with PytUum Buikri Subrm. ^ 

1 - was decided to cross inoculate all the cucurbit strains on hosts in which P. BuOeri 
bubim. has been recorded, ®.e. on papaya. chilUes, tobacco and ginger and P Bwthn 
onAhe hosts o cucurbit strains. For this purpose, P. Putoi Subrm. was isokted 

from a diseased papaya plant in the kitchen garden at Pusa. 

P. Btitlai when inoculated on the fruits of all the cucurbits, i.e., H.-H, gave 
successful mfection results and formed woolly aerial growthiu all cases' Thfil 
lection spread deep mto tlie tissue and caused rotting. 

Cultraes of PylMum Pi-P^ were cross inoculated on papaya fruits and were able 

p Mm- thZrv ^* :! 

P. Bmleit, while the others though they caused infection had only a poor growth 
They were also inoculated on papaya trees, each strain on a separate tree by 
ma^ng a wound at the foot and inserting therein the mycelium containing oovonia 

Tht ^ W were covered with cotton wool and kept moist. 

The experiment was earned out thrice. On the first occasion no infecLn was 
; ^7?^ B Bi^ari produced foot-rot. The second and tlurd experiments 
led Section was observed to have spread a good 

leal, the tissue m some oases became soft to snob an extent that the tree was 
blown down by a slight breeze. 

rat ‘lid ““tgive typical symptoms of “foot- 

lot a& caused by P. Butlen on papaya. 

The oross-inocuktious in chilli failed to give successful infection. In the case of 
moss-inoculataons on tobacco and ginger, the iiifeotion took place, but the growth 
wia poor and after a iew days the fungus failed to infect a further area. 

Ibe resdts of cross-inoculations on papaya, chillies, tobacco and ginger show that, 

iSt 1 tt physiologfoally a httle 

P morphology described below wUl show that they are allied to 

The iables show details of ir»np.nlfi.f.in-na . 


FBOT“BOT DISIASB Of OVOUBBlTAOBj® 


Tabli I. 

strains P^-Pf^aml P. Butkri on thofruUs oj // , -/i,; ami ( 
papaija. 


] ;it,h AuiJiisl, 
littli August 1022 
18tli Octolicr 1021- 
I Tth Ootobev 1923 
1 6tli June 1029 
a-lth August, 1024 
24tli Augtist 1924 
Si-a July 1921 • 

Isf, January 1024 


.1st Jaiinavy 1024 
1st January 1924 
1st January 1924 
1st Junuiiry 1924 
isk January 1024 
Isb January 1024 


Pytldnm 

.strains 

Plants inocu* 
latcd 

Method of in- 
oculation 

Itosults 



Wounded and 

-1- 


H.e 

uuwounded. 


1*, 

Ditto 

Ditto . 

-I- 

P, 

Ditto . 

Ditto . 


1*4 

Ditto . 

Ditto . 

-1- 

P* 

Ditto . 

Ditto 

+ 

P. 

Ditto . 

Ditto . 


P, 

Ditto . 

Ditto 

+ 

P, 

Ditto . 

Ditto • 

4- 

Hutleri 

Ditto . 

Ditto . 


Pi 

Fruit of papaya 

Ditto 


P. 

Ditto . 

Ditto 

■+ 

P, 

Ditto . 

Ditto . 

+ 

' Pj 

Ditto . 

Ditto 


P, 

Ditto . 1 

Ditto . 


P* 

Ditto . 

Ditto . 


p. niuUfi 

Ditto . 

i 

Ditto 




inocMlalions with P'l/tMum stra/i/ns P^-Pq and P. Buthri on }mpaya, rJiiUi, lohner 
and ginger fdants. 


20 th November 1924 iVl’. Wounded and 

‘ p. IMleri Two plants unwounded tm 

with each leaves and at 

strain. the base of 

the plant. 

lath August 1925 . Idtto - Idtto .. In ea(!h ease 

lotuAUbusu - Six plants with threu wore 

each sraln. ' wounded and 

three. ua- 
wounded. 

•' 4 tU January 1924 . IHlto . I’upaya idants Wounded and 
*, 4 t»Janu y at the base of un wounded. 

stem. 


plants at 
the lame with 
eaeh .strain. 


i.)th August 1925 
16 th October 1024 


p. Ditto 

aleri One papaya 
plant. 

and Ginger plants. 
ulli'r ? . Two plants for 
each strain. 

to . Tobacco, Two 1 
.seedlings for 
each strain. 
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Morphology OF THE FUNGUS. 

„ _ is composed of mucli branclied byphse, the breadtli being 2*5 - 

/ -o iM I.U old cultures and on the mycelium on old tissues of attacked fruits, iripgiilji r 
septation lias been noticed. The growth of the fungus is luxuriant on all meal agars, 
especially on oat meal agar and it forms a woolly aerial growth. In culture onl\' 
oogonia and antheridia are formed. In no solid media has sporangial formation been 
observed, but these sporangia are formed in abundance in water-culture or in boiled 
ant-culture. Their number increases if a few drops of formic acid are added to the 
Valter culture. Irregular swelling of hyph^ rich in protoplasm is noticed in. water- 
culture or on ant-oultiire. When a little mycelium is transferred to distilled water 
in a watch glass, it gives rise to stout swollen hyphse which grow and form bud-likt'. 
lateral growths, as described by Butler, i very rich in protoplasm and sporangia are 
loimed under favourable conditions. Sporangia generally contain 30-46 biciliated 
zoospores, but the number is very variable ranging from 15 to 60. Spoiangia 
formation m the case of the cucurbit fungus is just like that described in the case 
oi P. yracile and P. Biitleri 2 , Zoospores oogonium and antherdiiim are like those 
described by Edson for Pythium aphanidennatum.^ 

The antheridia may be terminal or intercalar. Oogonia are formed on short 
lateral stalks but occasionally they are intercalar. Sporangia and oogonia are 
formed at temperatures ranging from 20” to 30” C. The following Table shows the 
measurement of oogonia and oospores : — 


Pilthium afcrain’s host 

Oogonia limits 

Oogonia 
average 
of 50 

Oosj^ores limit 

Oospores 
average 
of 50 

L'ujfu MManr/vla .... 

18-7— 25-3 g 

23*1 g 

14-.3— 18-7 g 

16-3 g 

L'uffa ttHjypliam . , , . 

22 ~2o-3 g 

23-4 g 

18-7— 204) g 

18-5 g 

Tridmantlm anguina, L, . 

22~28-6 n 

25-5 g 

18-7—22 g 

20 g 

CueumAs m.tivw .... 

19-S— 24-2 g 

21-0 g 

14-3—1 8-7 g 

16-9 g 

Lagenefia Valgans .... 

19-8— 23- 1 g 

21-5 g 

16-5—17-0 g 

17-4 g 

Carim. Papaya, L. (P. Butleri) . 

18—33 g 

20 g 

13-0—25-3 g 

21 g 

P. aphaniderntatum .... 

22— 27g 

.. g 

17-19 g 



This Pythium on Cucurbitacese evidently corresponds to a variety of P. gracile 
Schenk, first described by Butler ^ in India and later on changed to P. Butleri by 


Biitlfi’ .E. J. All account oi the genua l>ythhuii and some Chvtridiacai Mmi. 4ari 

j.nuM, Mot. oertcti, Vol. X, No. 5 . ' 

- Siilirauuiniani, L. S. loc. cit. 

“ Edson, H. A. loe cAf. 

* Butler, E. J. loc. cit. 
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FBUIT-ROT DISEASE OE CUCURBIT AOBiS 

SiibramaEiam wlio described its presence on ginger, papaya, tobacco and cliillic's. 
A similar fungus lias been described by Edsonin Unitocl (States of Ainerioa, iJm 
cause of a disease of EapJmnus Satvoiis and Beta Vulijann, .Ifldson has di'scrllxsl 
ilia fungus as a new genus of Saprolegniacea and called it 'R/umpon(i}(jl/(iit. tt.phatu- 
(lermatum. 

Carpenter^ later on found a fungus on tbe roots of sugarcams in H.a,waii iuid says 
that Rheosporangmm apMmierimtum and P. Bufleri arc identical. Fit/^patrick'-' 
subsequently changed the neme Bheosporangi'umi into Pythkim as Edsoii wu,s not 
justified in creating a new genus and named itPijthiwn aphn-mhnmlim, 

Drechshler® has described recently P. apliamdermatimi as occurring on cucuin lici's 
in United (States of America and his description agrees with that of the fungus on 
various cuemhits in India causing fruit-rot. Pythiiim aphanidermatnm has also 
been found to be doing considerable damage to chilli seedlings in l^iisa u/ndluis 
also been recorded on mustard seedling and potato plants. The results of cross in- 
oculation experiments described above show that P. Bufleri mdP. apliiinulermahm 
are very closely allied. P. aphmvidermatum can infect the hosts on which 
P. has been, found parasitic, but cannot xu’oduce typical symxitoms of foot- 

rot on papaya, and the oogonia and oospores of latter are slightly bigger 
than that of former. Thus P. Butleri is a strain of P. apJianulermatum. 

Summary. 

1. Pythimn aphanidermatum (Eds.) Eitz. has been found doing a considerable 
damage to various cucurbits which are used in India as vegetables and causes fruit- 
rot. 

2. It has been isolated from Luffaactdanguh, L. mgyjMaca^ TrkhosantJies anguina, 
1'. dioicat Cttcumis satkms, Lagenaria mdgaris, Momordica (JMmntia and Cuemnis 
Melo var Mommdica. 

3. The results of inoculation and cross-inoculation experiments prove that all 
strains isolated are identical and that P. Bufleri (Subrm. is a strain of ,P. apham- 
dermatum. 

4. The fungus is more prominent on fruits than on leaves and stem and form a 
luxuriant woolly mycelium weft. The tissues in the interior of the fruits become 
watery and soft and the decaying .matter emits a bad odour. 

5. The sporangia formation is like those of PytUum belonging to the groGik 
group. The fungus grows very well in cultures of clifl’erent kind especially on meal 
agars and forms plenty of oogonia and oospores. The sporangia and zoospores are 
not formed in any solid media but are form.ed copiously in water culture or on boiled 
ants in culture within six hours. 


1 Carpetiter. 0. W. Morphological studies of the Pythiuni-liko fungus associated with root-rot 
in Hawaii. Bull. Ex2)t, Station, Hawaii Suga- Planter's Association, Sot, /Series, Vol.lJl, Part ./, J9S1. 

2 Fitzpatrick, H. M. Generic concepts in the Fythiaccae and Blastocladiaceao, Mucoloqia 15, ni), 

160-173. ..r „ , 

® Droohshler, C. /(3C. ciY, 





I . Pythium aphmidermalum on snake-gourd, 2. Pythium aphanidermatum growing on cucumber 
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COLOUR INHERITANCE IN RICE. 
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S.K.MITRA,M.S.,Ph.D., 


s. N. GUPTA .4TO P. M. GANGUII, 

Assistants in Botany. 

f O ' jiuHication on WtJi, April 1927,) 

Among the workeis on rice in Mia. Hector and Parnell haye deyoted eufflcieut 
time to the study of the inheritance of character in rico. They Xdied the 
ot natural cross-fertilization, resulting from the cultivation, side by side of a hrve 
mimber of different varieties for pure line, and selection oxperimeLs. 4ocordin« to 

While Parnell (1J17) found it to be between I to 2-9 per cent, with an averave of 
1 i per cent, on esperimental basis. The observations of the writers show'’ that 
natural crosses do not occur more than -S per cent, on average. This lower pereentave 
of natea cro,sses in Assam is perhaps duo to heavy rains during the Am seasmi 

being tranSLT2!S^ * 

In their work on cross-fertilization both Hector and Parnell realized the difficulty 
of working with .so many different varieties with their respective colour combinations 
debiting in various parts of the plants as different patterns. As a result of s“ 
fill mves-^ations they have come to definite conclusions in many interesting pheno- 

h+^^ r**"” continuing the work on the same line sinoelsll and 

have obtained .some definite results which will be discussed in this paper. 

In almost all oases reciprocal crosses .were tried, but their results were identical. 
In cases where the resulting .F, plant exhibited the character of the mother plant 
in^catmg that self-fertilization might have occurred, they wel dLrfed: 
All the crosses were tried on pottcsl plants in the Laboratory verandah so as to 
avoid any chance of natural cross-fert.ilization. 

In the work on cross-fertilization with rice, attempt was made to study the iu- 

SuchTwcH “ *0 standard of Mendelian system of Lredity. 

feuch a work on cross-fertilization has a scientific value of its mvn as well as a direct 
economic value on the hne of genotypic selection, i.e., the breeling of improved pure 

(8S) 
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COLOUR INHERITAITOE IN RIOB 



Colour 


strains. It is with this dual purpose iri view that attempts were mad c to try ar tiii cial 
cross-fertilization in Aus and Sail varieties separately. In all oases only pure, 
types, that have been grown successively under observation for d- to b years or mori',, 
were usedin crossing. 

The study of colour inheritance in rice has been taken up both in comn^ction with 
the vegetative as well as the floral parts. As the colours involved are viirious a nd 
the type of pattern diflers in different varieties, it is not an easy tasiv to descrilxs 
the situation of colour in each variety. Moreover, no two varieties are I’ountl to be 
alike in respect to their distribution of colour in different parts. For this reason, 
eacli individual variety has been chosen in respect to its characteristic colour ])att(n.’n 
and crossed with another variety with a colour pattern of its own. 

In a number of cases where two plants bearing the same characters were crossed, 
such as green and green, the progeny in Fj generation became distinctly colomed 
which wms not visible in any of the parent plants. It appears therefore that of the 
two green parents each contains such a factor, A or B (wild) their respective allelo- 
morphic absences a or b), which alone is incapable of expressing the colour. But 
when these two complementary characters (A and B) combine (AB), we get the 
colour, or in other words, in the absence of any one of the complementary characters 
the green colour prevails. They will behave as such in any case of hybridization 
involving two pairs of typical allelomorphs and give rise to a ratio of 9 : 7 in the F., 
generation. 

It has been noticed that in all cases where a colour factor has come out from two 
non-coloured (green) plants, one of the parent plants lias colour in some part of it, 
although not in the part under consideration. Two entirely non-coloured (green) 
plants (with no colour in any part) have not been found to produce any colour 
factor in any part except in one case (cross No. 158). This may lead to the conclu- 
sion that the factor that produces the colour oxsits in some part of the parent plants 
in some form or other, or remains masked by other dominant factors for lack of 
suitable combinations. 

In order to study the various simple colour factors that play an important part 
in the distribution of colour in rice, the main parts of the plant, where the coiour 
is found to be most frequent in the different pure coloured tyjies, are grouped together 
both in regard to vegetative as well as floral characters, under the following heads : — 



2* 

Vegetative parts .■ 



4. 


U. 


r 6. 

r'-'oral i)ait5 

J 7. 

1 


(.9. 

Matui'e grain 

10. 


cliavacter in leaf-shoatli 

„ „ imlvinus 

„ „ ligule 

„ .. „ auricle 

„ „ interuode 

>, „ outer glume 

» „ inner glume 

M » tip 

„ stigma 
, „ kernel 
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A>s a result of successful crosses in regard to colour characters in the 10 different 
colour groups, a,s mentioned above, Mendelian inheritance of colour factors has been 
dis(;overed in a majority of cases, wliile some diflerent types of factors have been 
brought out in others, of which definite evidence has been supplied in each case, 
except two where clear-cut evidence is wanting. 


The colour of rice is found in different parts of the plant as red, yellow, brown, 
purple, black and different shades of each as light or deep. The pigmented sap, that 
causes the colour, changes with the vegetative grovyth of the plant so markedly 
that in the mature plant majority of the colours disappear except in the mature 
spikelet. It is in. this part that the colour is fixed during maturity. It has been 
noticed in some cases that the colour which was found in the early part of the, plant 
disappeared with later growth, while with others it appeared in non-coloured ]}lants 
during their maturity. It has also been noticed that a plant which appears to b (5 
slightly coloured, when observed in the field, becomes distinctly coloured when grown 
in a dry condition, f.c., in a pot or in the dry season. The factors that dominate 
the changes of colour in different parts are therefore complicated and it seems that 
there is no general rule that determines the inheritance of colour in the different 
parts of the plant from germination to maturity. 

There is a correlation of colour iu the different parts of the rice plant more or less, 
tSorne of them are more marked than others. For example, it has been noticed that 
if the leaf-sheath is coloured, pulviniis may be either coloured or white, though a 
GcUoured leaf-sheath has a greater affinity for coloured pulvinus. But, if the leaf- 
sheafch is green, the pulvinus is not found, to be coloured. Similarly, the combination 
of green tip and coloured stigma does not occur although the rever,se combination 
occurs frequently. Hector (1922) has dealt with the correlation of colour in detail 
and his observations are noteworthy. 

In the colour inheritance of rice, some of the colours are dominant over others, 
such as purple over green or white, red over white, green or yellow over brown, and 
black over green or yellow. Several cases of incomplete dominance were met with 
where the dominance is not marked very well in Fa generation segregating in three 
distinctly different sets, of which the intermediates are found to be heterozygous 
in respect to colour character. . • 

In order to determine the number of units and allelomorphic pairs iu independent 
colour units, which ace brought out in the resulting crosses in Fj) generation, each 
particular character will be dealt with separately. It may be pointed out here that 
the colour complexes are not fixed in a regular manner in any particular part of the 
plant. F or this reason the presence of colour iu any form is considered to be coloured 
in respect to that individual part. Moreover, in case of purple, pink, brown, yellow, 
red and black colour, they may be present in any shade rangijig from light to deep 
colour. They are determined by independent colour factors and so have been taken 
separately. 
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1. Colour character in leaf-sueat’ii. 


of leaf-sheatli is eitlier green or pnrpJc, the latter ranging from light 
colour may he found either inside or outside in long .stripes along tln*- 
vascular bundles, just below the epidermis or all throughout. It may be at tlte base 
only, either in the upper or lower surface. In fact, the colour of hvaf-shoath is not 
fixed in a particular part. 

Creen plants, when crossed, generally produced green leaf-sheath. But excep- 
tion was found in two strains which on crossing produced coloured iea£"shoa.th, al- 
though their progeny are all green when selfed. On examination, it was noticed 
that these two strains possess colour in some part though not in the leaf- 
sheath. 

ife The following Table shows the segregation of colour in Fg generation of 1) 
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f Tabic I shows clearly that the factors for purple are always domiiiaut over the 

green, in all cases of leaf-sheath, and they segregate in the Mendeliati ratio of 3:1, 
more or less, in every case except in No. 158, where two green parents brought 
out a coloured dominant type in Fj, which was not present in the parents. The 
coloured F , plants, being self-fertilized, produced an F^ generation segregating in the 
ratio of 1-2 : 1. Thus the total progeny in Fg consisted of plants bearing nine- 
sixteenths coloured leaf-sheath and seven-sixteenths green leaf-sheath. The light 
purple colour is due to the interaction of two separate factors. Neither of these 
two factors was in itself able to bring out the colour, but a combination of two com.- 
plcmentary green factors was essential in expressing the factor for light purple 
colour which become dominant. If the complementary characters are designated as 
A and B and their respective allelomorphic absences as a and b, the genetic con* 
stitution in Fg may be stated as follows ; — 


Pareiita 

f Green . 



AAbI) 


(^Greon . 



aaBB 

. . . 

. Light inirple . 



AaBb 

Fa . . 

. Light jrarple . 


f 

Green 


AB 

_ 

Ab~ 

aB — ab 

Theoretical ratio . 

a 


3 : 

9 : 7 

3 : 1 


The raising of the Fg generation showed a number of pure strains from both 
coloured and non-colonred (green) plants. Accordingly, out of the 75 coloured 
plants only 7 came out as pure in the Fg generation in the ratio of 9-7 : 1, while 
among the 64 green plants only 35 were found to be pure, the ratio between heterozy- 
gotes and homozygotes being 1:1-2. 

** The results in this case are similar to that found by Bateson (1905) in sweet peas 

where coloured forms appeared from white x white in the ratio of 9 coloured and 
7 white, which proved that the colour depends on the co-existence of two complc 
mentary factors in the individual. 

Parnell (1917) obtained confirmatory evidence of the existence of two pigmenta- 
tion factors in a cross between two non-coloured plants from which a pigmented 
I type appeared. 

In No. 57 both the parent plants have green leaf-sheath and as in No, 158 
the expected ratio would have been 9:7, whereas the ratio found is 3-17 coloured : 
1 non-coloured of which an explanation is wanting. But, it may also be mentioned 
»• here that one of the parents S.16 in No. 57 has coloured inner glumes. It is perhaps 

due to assortment of combinations that the factor for colour in the leaf-sheath is 
thus brought out in the simple 3 : 1 ratio, 

' ■ ' ■ ' " - 
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2. COLOITB CHARACTER IN BULVINUS. 

Tlio colour of pulvinus is either white or purple. It may he found on hot.ii si h 
in the centre only, or all throughout. The following Table will show tli<‘. segre^ 
fcion of colour in .F 2 generation of 9 families : — 


Table II. 


Segregation of colour of puhinus in Fo geueration. 


B. 22 Wliitn Riviiii 
314 Duej) j|)nrijlr‘ 


White gvecnxS. 


From Table 11 it is evident that Nos. 1, (3, 16, 54, 99 and 192 bear a relation similar 
to the ordinary ratio of 3 ; 1, whereas Nos. 57, 158 and 188 segregate in the ratios 
approximating the theoretical ratio 1-3 : 1, as has already been di.sciissed in No, 158, 
Table 1. Moreover, in No. 1 the purple colour of the parent becomes dominant as 
light pnrple (intermediate) in But the segregation in Fo brings out the purple 
colour as usual and the light purple colour does not appear at alL The reason of 
this delayed dominance remains unexplained. 
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Table III. 


Segregation of colour ofUgule in geyi&ratmn. 


No. of 
plants 


Parent varieties 


Light 

pnrpje 


White 

green 


Purjile 


Observed Theo- 
ratio roticai ratio 


green 


green 


S, 22 White green x S. 
314 Deep purple. 


. 33 Purple X S. 14 
White green. 


. 152 White green X S. 14 
W^dte green. 


;j White green. 


^ Me III shows clearly that Nos. 1, 6, 16, 64 and 99 iollow the 
as has been explained in No. 168, Table T. As regards No 
so“ ' ’ 

'n segregation in No. 168, Table I, r 

plained on the basis of two independent pairs of factors, but the t™ 
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betwe in them is somewhat different, fdr no new colour appears in and The 
purple colour occurs in cases where the two independent dominant faotor.s i:ciu<iin 
present due to an interaction between them. So the white grcAUi colotir occurs 
either due to the absence of one or both of these factors. Now, lot us consider that 
the factor for colour is due to two interacting complementary factors A and B and 
the absence of any one or both of them brings out the green colour as follows : — 

f Purple . . . AABB 

Parents 


anhh 

AaBb 

White green 


Theoretical ratio . , . » 9 : 7 

The tesults in this case agree with that found by Hector (1922) in a few oases of 
leaf-sheath, pulvinus, auricles and outer glumes. A similar result was obtained 
by Parnell (1922) in ripening black character of inner glume of rice. 


4. Colour oharaoter in auricle. 

The colour of auricle is either white green or purple, and is noticed in the organ 
all throughout. The Table below shows the segregation of colour inheritance of 
as.ricle in generation of 2 families only ; — 


Segregation of colour of auricle in geyieration. 


6. Colour CHARACTER IN INTERNODE. 

The ctilout of internode is either yellow green, purple, or light brown. It is found 
'Cither in long stripes in the tasctilar buhdles ot all throughout. It may also be found 


Gross 
. No. 

\ Parent varieties 

No. of plants 

Purple 

White green 

Observed 

ratio 

PhooretieiU 

ratio 

m 

m 

S. K2 White green X S. 314 Purple ' 

S. 83 Purple X S. 14 White green . 

125 

140 

03 

100 

.32 

34 . 

2.0 : 1 

3-1 : 1 

3; 1 

3 J I 
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■in the exposed part at the apex above the kaf-sheath. The colour may be limited, 
•either to the inside or outside epidermis only or in both. The following Table shows 
the segregation of colour in Pg generation of 8 families : — 


Table V. 


Segregation of colour of iniernode in generation. 


Cross 

No. 

Parent varieties 

No. of 
plants 

Light 

purple 

Deep pur- 
ple 

Yellow 

green 

01 Served 
r.atio 

Theoretical 

ratio 

1 

M.~~ Yellow green X As.-^ 

145 

72 


73 

10:1 1 

1-3: 1 


! Yellow green. 







09 

S. 22 Yellow green x S. 814 Deep 
purple. 

123 


100 

23 

4-0:1 

3: 1 




Light pink 

i Pink 

Yellow 

green 



0 

As. 3 Yellow green x As. -~ 
Pink. 

149 


9!) 

.50 

2'0: 1 

3:1 

19 

S. 1.27 Yellow green xS. B. 130 
Pink. 

91 


05 

1 20 

2-3; 1 


57 

S. —Yellow green X S. 15 

127 

28 

" 

104 

1:4 '5 

1:3 


Yellow green. 


Purple 

I Yellow 
green 

Light 

brown 



54, 

S. 22 Yellow green X S. 154 
Purple. 

158 

128 

20 

10 

12-S : 2 : 1 

12: 3: 1 

192 

S. 14 Yellow green X S. 33 Purple 

140 

89 

30 

13. 

5-9 : 2-4 : 1 

12: i \ 1: , AA 

188 

S. 22 Yellow green X S. 

.Light brown. 

181 

89 

44 

48 

2-2: l: 1-1 

3: 1: l-3or . 

■•9': 3:4 . 


Table V shows that the Nos. 6, 16 and 99 follow the simple ratio of 3 : 1. 
No. 1 follows the ratio of 9 : 7 or 1’3 : 1, as has been explained in No. 158, 
Table I. 

In No. 57 both the parent plants have yellow green internode. In the we 
get the light pinlc colour an entirely separate character. But unlike the segregation 
in No. 1, the ratio in the F 2 generation is 1 light pink : 4*5 yellow green. The ex- 
planation will not be very far to seek. Let us consider that the factor for yellow green 
•colour in each parent is different as A and B and their respective allelomorphic 
absences as a and b. The colour factor here depends upon the combinations betAveen 
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tlic conjoined characters of A, B, a and h, in the absence of any of above- 
conjoined characters, the yellow green colour will prevail as follows : — 


f Yellow green 
bY^ellow green 
Light pink 


Parents 


Yello-vv green 


Light pink 


Theoretical ratio 


The individuals which are heterozygous for both the characters are the light pink: 
CO cured plants, whereas those which are heterozygous for one character only or 
are homozygous are all yellow green. The factors which combine here in T ^ genera- 
tion from both parents are assorted independently, and their combination has no- 
effect on the gametic formation in Pg generation. Out of 9 individuals in AB 4 are 
heterozygous for 2 characters, 4- for one character and one homozygous, which is- 
shewn clearly as follows:-— 

AaBb 4Lijhtpink 


Aa-BB 


2 S-YoUow green. 


This is a case similar to that obtained by Thomstone (1915) in his observation* 
onactualnaturalcrovssesofrednessof grains X whiteness of grains, where the segre- 
gation came out in the ratio of 1 : 2 ; 2 : 4. 

In No. 64 the internode of one of the parent plants is yellow-green and the other' 
purple. In Bj the purple colour is dominant in the internode. But in Fg RR inter- 
mediate colour has come out as light brown. It may be explained as follows : — 

Let us consider the different factors and their absences as A, B and a, b respect- - 
ively. A is for tbe yellow green factor and B for the purple. In the presence of A 
alone (absence of B) vs e get the green colour, and in the presence of B alone or both. 
A and B we get the purple colour. It is the recessive characters, a and b (absence of 
green and pinlr), that bring out the intermediate or third colour factor manifesting 
as light brown. The reason is that the purple factor here masks the other factors 
and is epistatic to those for yellow-green and light brown. Where the factor for 
purple is lacking and the factor for the yellow-green is present, the internode is yellow 



f Yellow green . , A Abb 

tPurple . . . aaBB 

Purple . , , AaBb 

Purple , . , Yellow green Light, brown 


Tlieorotieal ratio 


Ab 


A simiiar instance is found in Parnell (1922) where white rice arose in F, from a 
cro.ss, purple and red, in the ratio of 12 purple : 3 red : 1 white. 

The explanation for N’o. 192 is the same as above, although the deviation from the 
theoretical ratio is (quite) marked. 

No. 188 behaves in a different way. The combination of yellow green and light 
brown parents has brought out a third dominant factor as light purple in Fj, which 
is lacking in the parents. In F 2 the segregation approaches the ratio of 9 : 3 : 4 
or 3 ; 1 : PS. This is rather a complex case of factor interaction and perhaps a 
reversion to some original type. This is brought out liy the interactions of the yellow- 
green and the light brown factors. The genetic constitution in F» may bo stated 
as follows 


^ Yellow gfeou . . AAbb 

i Light brown . . aaBB 

Light purple . , AaBb 

Light purple . .Yellow green Light brown 


Theoretical ratio . 


Ill this case the parents differ in having a factor that produces the light purple 
coloirr in both F^ and F 2 . Accordingly, the intermediate light purple colour both 
in Fj and F 2 depends on the combination of two factors, AandB, but neither of 
them alone is able to bring out the light purple colour. Moreover, the absence of 
the combination of A and B will produce either the yellow green or the light brown 
colour, as is shown above. This case, like the 9 : 7 ratio in No. 158, Table III, appa- 
rently shows a difference of two factors in the parents. Here the last two terms of 
the ordinary 9 ; 3 ; 3:1 ratio have been added together as they are not distinguisk- 
a,ble as two classes, thus producing a 9 : 3 : 4 ratio. The results in this case are 
similar to that found by Tschennack ^ (1900) in bis work with eating peas {Pisum 


^ Bailey, L. H., and Gilbert, A. W. Plant Breeding, P. 188 (1917). 
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green but where both the factors are absent the iuteriiode is liglit luown. Tlius, 
the light brown internode represents the double recessive, aa bb, as shown below and 
consequently the total ratio of 12 : 3 : 1 is obtained. The genetic constitution in 
the segregation of stands as follows 
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Ba-tivam) in which ho met with a ratio of 9 purple : 3 pink 
cross betwoon two typos of flowers of which one is piiilv 
wliite only. 


6. Colour CHAEACTER IN OUTER GLUMJ5. 

The colour of outer glume is either white, green or purplf;, uikJ is 
at the apex, base or all throughout the organ. 

The following Table shows the segregation of colour in, F: 
families — 


Segregution of colour of outer glume in generulio u, 


Nos. 57 and 192 approximate the simple, ratio of 3 : 1. In No. 158 tlie ra,tio 
approaches 1-3:1 and the oxjflanation is the same as in No. 158, Tabl(.i I. In the r(!st 
though the ratio is also TS : 1, the explanation is dillereut as has alr( 3 ady been given 
in No. 192, Table III. 


7. Colour CHARAOTBR IN INNER GLUME. 

The colour of inner glume is much more varied than in any other parfc of tli(> 
plant. The colour is either green, purple, yellow, brown, black or in their diffm-- 
ent shades. It appears either in the nerves or furrows. It is also found to bii in. small, 
patches or mottled in appearance, 


Cross 

Wo. 

Parent varieties 

No. of 
plants 

LigM ! 
purple 

Purple 

.Deeri Wliite 

purjile green 

Oliserved Theoretieal 
rufii) rat.io 

6 

As. 3 Wliite green X 

149 

96 


6S 

1-8: 1 1-3 : 1 


A.S. g- Light purple. 






16 

3. 127 Wliite groen x S. 

B. ISO Light purple. 

91 

48 


., 4S 

I'l; 1 „ 

54 

S. 22 White green X S. 154 
purple. 

150 


97 

. . 59 

1-0 ; 1 

57 

S. White green x 

127 


85 

.. 42 

2-0 : I 3:1 


S. 15 rurple. 






9!) 

S, 22 White green X S. 
S14 Deep purple'. 

J25 



80 ' 45 

I'S: 1 I..;;; l 

19‘2 

S. 3S Purple X S. 14 
White green. 

140 


116 

24 

4'S; 1 ;i; J 

158 

S. 152 White green x S. 

14 Wliite green. 

1S8 

(il 


77 

1 : 1-3 1-3 : 1 
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Tlic following Table shows the segregation, of colour in F 2 of 8 families 
Table VIL 


Segregation of colour of inner glume in generation. 


t:roHs 

No. 

Piii'ent vai’iiititw 

Ko. of 
plants 

Light 

purple 

Purple 

Green 

Observed 

ratio 

Theorijliciil 

ratio 

6 

As. 3. Groun x As. Light 

purple 

149 

100 


40 

2-(); 1 

3: 1 

r.7 

S. Grceu xS. 15 Purple 

125 


96 

29 

3-3 : 1 


90 

S. 22 Green X S. 311 Purple 

125 


96 

29 

3-3 : 1 


15a 

S. 152 Green X S.l-l Green 

138 

57 


81 

1: 1-4 

1-3: i 




Yellow 


Brown 



51 

S. 22 Yellow (nuttiirc) X S, 154 
Brown (nuiturc). 

156 

110 


46 

: 2-4 : 1 

3 : 1 




Green 


Light 

brown 



XS8 

S. 22 Green x S. Light 

brown, <> 

181 

133 


48 

2-8: 1 

3 : 1 




Yellow 

Inter- 

Deep 







mediate 

brown 



9.1 

S. 135 Deep hrowu (mature) x 

S. 156 Yellow (mature). 

164 

1 94 

01 

9 

10-4 ; 0-8 : 1 

9:0:1 




1 Bbek 

Inter- 

uicdiiitc 

Yellow 



192 

S. 33 Blaok (mature) X S. 14 
Yellow (mature) 

140 

76 

56 

8 

9-5 : 7 9 : 1 

0:6:1 


Table VII shows that Nos. 6, 57, 99, 54 and 188 follow the simple ratio of 3 ; 1 
while No. 168 behaves like No. 158 in Table I. In No. 94 the segregation in To 
has occurred in a quite different way. This is also a deviation from the ordinary 
9 : 3 : 6:1 ratio, where the two middle terms have been added together to brinf^ it 
to a 9:6:1 ratio. ^ 

Now, lot us consider the factors for coloui* as A and B and their allelomorphic 
absences as a and b. The yellow colour appears by the combination of the double 
dominants, A and B, and the deep brown by the corresponding double recessivcs, 
a and b. The genetic constitution may be stated as follows :— 


Parente ... 

V Pellow . 

' ^ Deei) brown 

AABB 

. . aabb 


.... 

Yellow . 

AaBb 


Pa . , . . . 

. . Yellow . 

. .Intermediate Deep 

brow. 


AB 

— Ab~ — aB — 

ab 


0 

: 3 : 3 : 

1 

Theoretica.! ratio 

. 9 

6 ; 

1 
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Tlie preKence of both the factors A and B produces the y(jllo\v n,nd tiieir absence 
the deep brown colour. The intermediate colour is ])rought out in tlu'. presence 
of either A or B, The intermediates here arc a mixture of yellow and dci*]) brown 
which are easily separable. Consequently, the ratio of 9: 6: 1 shows distinctly 
three visible classes which are genetically different. In fact, tiu?re. are 91- yellow : 
61 yellow deep brown : 9 deep brown. 

Of the 94 yellow-seeded plants 10 came out with yellow grains in the. F;, genera- 
tion and the rest splitted again, of which some wore either yellow or deep Ijrown and 
the others intermediate as in ^2- Similarly, from the 61 plants with intermediate 
coloured grains 14 were found to be pure, the rest segregating as in hb gemeration. 
The 9 plants with the. recessive deep brown grains bred true. 

No. 192 behaved similar to No, 94. : 


8. CoLOUB CHARACTEE IN TIP. 

The colour of tip is either white green, purple or light brown and is manifested 
on the point of the tips of the two inner glumes. Exception was found in a few 
cases of Aus and rarely in /Sail, wln^rc one tip was slightly coloured and the other 
colourless. The following Table will show the segregation of colour in F 2 generation 
of 9 families : — 

Table VIIL 

Segregation of colour of tip in k\ generation. 


Piirent vurietioi 


ratio 


As. - Light pHritle. 
fi A.s. u White; green X As. 
Purple. 

lU S, 127 White gn!(;n x S. 
B. 13(5 Keep purple. 

i'>4 S. 22 White green x S. 
iryi, Purpie, . . 


White 


Liglit puri)l(‘ 

192 S. 33 Purple X 
White green. 

138 S. 152 White green 
i.l White green. 


MITEA, GUPTA AND GANGULI 


99 


Almost all the crosses follow the simple ratio of 3 : 1, more or less, except No. 158 
where the ratio is equivalent to 1’3 : 1, as has been explained before in No. 158, 
Table I. 

9. Colour CHAEACTEE IN STIGMA. 

The stigma of rice flower is bifurcated and plumose and is either white or purple, 
Tlie colour of this organ is in the plumose structure which may be expressed partly 
or completely. Sometimes only a few bristles in the plumose stigma are found 
to be coloured. 

Tlie following Table shows the segregation of colour in Fo generation of 9 
families : — 

Table IX. 


Segregation of colour of stigma in generation. 


Cross 

No. 

! Parent varietl(;.s 

No. of 
plants 

Deep 

purple 

Wlhte 

Purple 

Ohservod 

ratio 

riieoretii-iil 

ratio 

1. 

M. A’- White X As. - j*- Beep 

140 

112 

34 


3-3: 1 

3: 1 


purple. 







(5 

As. 3 White 5< As. Deep 

149 

120 

29 i 


4-1 : 1 



purple. 






188 

S. 22 White >; S, Beejt 

181 

110 i 

41 





purple. •' 






U! 

S. 127 White X S. B. 13(! Wliii.e 

91 

53 ■ 

38 


1-1: 1 

P8 : 1 

r>4 . 

S. 22 White X .S. 154 White , 

1.58 ■ 

73 

78 


10; 1 


99 

S. 22 White X S, 31 4 White . 

125 

67 

58 


1-2; 1 


458 

S. 152 WUiite x S. 14 White . 

139 

64 

75 


1:1-2 


57 

' S. White X S, 15 White . 

125 

86 

39 


2-2: 1 


192 

S, 33 IVhite X S. 14 Wliitc . 

140 


132 

S 

16-.'.: 1 

15:1 


From the Table IX it is noticed that with one exception all the crosses follow 
either the ratio of 3 : 1 or 1’ 3 : 1, No. 192 behaves in an unusual way. The pecu- 
liarity of this cross lies in the fact that both the parental characters are white and the 
resulting F ^ is also white (Dominant), but F 2 generation brings out a coloured progeny 
though in minority, the genetic constitution of which may be stated as follows 


Parents 

f White . 

AAbb 


1 White . 

. aaBB 
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Table X. 


Thifiisarare example of double white dominant and double purple recessive 
factors. It may be assumed that the presence of either of the single white dominant 
factors or the combination of both together develops i;h(^ white stigma, and iliat 
the case with 15 of the Fo types, they have necessarily come out as white. 
Only one out of sixteen has neither of the white factors am I this is the plant with 
double recessive purple factors. 

The puiple colour appears in the case where the two separate white factors (A, 
:1 B) of both the parents are absent. The presence of either of the parental white 
factors will bring out a white progeny and so we get the ratio as 15 white : 1 coloured. 
It may he argued that a purple factor acting independently produces such an nn- 
iisiial aberrant type. But in generation the 8 plants with coloured stigma 
bred true to type so far as the colour of stigma is concerned and hence their chance 
of being accidentally crossed does not seem to be so evident. Hector (1922) found 
a .similar ratio in several crosses of coloured with non-coloured plants, where this 
of segregation occur; very frequently with the coloured factor being 
dominant. 


10, COLOTJU character IN KERNEJj, 
of kernel is either white or red, but an exception was noticed in one 
where the kernel is deep purple or black. In some of the fine Joha 
kernel is white with, a green tinge. The segregation of colour in the 
rice in generation is shown below in 0 families : — 


Segregation of colour of kernel in Fo geyieration. 
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I Eos. 1 , 0, 117 and 217 follow the simple ratio of 3 : 1, although the last one de- 

I viatcs to a great extent from the theoretical ratio. In generation, the 8 plants 

I \ver(! found to l)reed true, whereas out of 48 red plants 21 came out to be pure and 

the rest sp]itt;ed .again. This evidently proves that the case is an aberrant type 
' of the .simple ratio of 3:1. 

No. 16 has ])ohaYed exactly as in No. 192, Table 11, where it is discussed fully. 

; The ratio 1:2:1 in No. 99 shows distinctly three visible classes which arc geneticafly 

I dilferent. There arc 32 black ; 67 black white : 26 white, each of which is easily 
separable. This .agrees with the results obtained by Farneli (1917) in a cross bet’weeii 
green and dark gold as well as in golden colouring of inner glumes (1922), Hector 
(1922) also met with a similar ratio where the segregation was found to be 1 red : 
2 pale red ; 1 white. 

Summary. 

1. The inheritance of colour in rice is very complicated. The colour complexes 
are not fixed in a particular part of any organ. 

2. The factor that produces the colour exists in some part of the parent plants, 
either visible or invisible, which effects the expression of colour when suitable factor 
combinations occur by cross-fertilization, 

3, The factors for purple, pink, brown, yellow, red, black, white and green are 
independent of each other and so is the actual .shading of each one of them as light 
or deep colour. 

I 4. Generally, coloured factors are dominant over non-coloured ones. Purple is 

; dominant over green or white, red over white, green or yellow over brown, .and black 

i over green or yellow. Exception is found in one case of - pulviiius character wliere 

I purple is dominant in F^ as light purple, and also another in kernel where white i.s 

dominant over amber. 

5. In majority of cases where coloured and non-coloured factors were crossed, 
' simple Mendelian ratio of 3 : 1 lu'evailed. Exceptions were met with a number of 

1 cases where the ratios were 9 : 7, 12 : 3 ; 1, 9 : 3 ; 4, 9 : 6 : 1 and 1:2: 1. 

6. In a few crosse,s between non-coloiu:ed plants the segregation occurred in the 
1 ratio of 9 coloured : 7 non-coloured except two cases, where the ratios were 15 : 1 

I and 1 : 3 respectively. 

7. The existence of an original third colour factor was found. in all cases, where 
intermediates arose in Fo, which were distinctly crosses between coloured and non- 
coloured plants. 
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Dr. EUTH EYAN, 

Emmy College, Eiver Forest, IlUnms, U. 8. A. 

(Reoeived, for pubKcatioa on 9fcli Juae i927.) 

Ast&rina hohrrhence, n. sp. 

The fungus occurs on tlie upper surface of the leaves in distinct patches, 2-3 nini. 
in diameter. Perithecia numerous, round, radiate, carbonaceous ; margin fimbriate 
and light brown, ostiolate, 115-214 rj, in diameter. Mycelium grey-brown, straight, 
4 (X thick. Hyphopodia sessile, alternate, 3-lobed, 4x10 (ji, one-celled. Asoi 
spherical, 34-44 [i in diameter. Spores 2-celled, 12x 26-30 jx, brown, the. free end of 
each cell rounded, smooth. The fungus is near Asterina sphaerotheca, but differs 
from it in the size and shape of the perithecia and asci. 

On Holmrhma antidysenterica Wall. Syndai, Khasi and Jaintia Hills, Assam, 
Jan. 1916. Deg. L. S. Subramaniam. Herb. Crypt. Ind, Orient. Ho. 1963. 

Asterinella Winferiama (Pezschke) Th. 

Fungus epiphyllous. It agrees with the description for A. Winkriana Th. 
Byll Fmig. XI, 1266. 

Scattered on the lower surface of the leaf are numerous small black spots of an- 
other Asterina. When examined, the fungus proved to be immature. The general 
structure of the perithecia^ and absence of external mycelium shows relationship to 
Microthyrium and Seynesia. The perithecial covering is strildng. It is light straw 
color with irregularly scattered dark brown sharp pointed cells. 

On Castanopsis sp. Pachanadi, Mangalore. Apr. 16, 1913. Leg. .L. S. Subra,- 
maniam. Herb. Crypt. Ind. Orient, No. 1965. 

Asterina cansjerce, n. sp. 

The fungus occurs on both surfaces of the leaves in small spots, 2-3 mm. in 
diameter. Perithecia numerous, carbonaceous, margin distinctly radiate and fim- 
briate, ostiolate, opening by radiating fissures, 160-200x120-144 p.. IMycelium 
light brown, straight, 4 fx thick. Hyphopodia alternate, of two kinds-^short sessile, 
lobed, 4x4 p, and cylindrical 10x6 p. Numerous brown conidia, pear shaped. 
12 X 22 p. Asci ovate, 28-32 X 36-44 p. Spores dark brown, 2-cened, margin rough 

8X 18-22 p,. 

( io:x ) 
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Determined by 



ASI!EBINA SPP. PEOJVI INDIA 


Oharwar/Boinhay. 0e(-.. 191R. T,ey. L J Bc^.lowiolc 
Hex-k Crypt. Tiifl Orient. No, 1966. ‘ ' ' 

Astenna nothojiegiWy n. sp. 

FungiB o,»ut8 on both rides of the leaves. Peritheeia are elnsten-d. nmnd 

in diameter. My.vlinm ehonolate 
i ®yP''‘’P°'^®>‘“™te2-celled, oyhndrical to disbtly lohed, 
110X2^8 (X ® “ *” ’ 20-38 x 25-42 jx. Spores dark brown. ' 2-06lled 

Knlk^r^'TT n““rtT Oot, 29. 19X1, tog. G. S, 

Kulkarm. Herb. Crypt. Ind. Orient. Ho. 1970. 

Astmmmemecylonim,n,s^, 

132!lTdiamX*Mv?d^ 3=4 mm in diameter on the leaves. Peritheeia round. 
8 k 12 U Z ovatf ® I" knob shaped 

nlxl r ®P“«®2-cened, dark brown. 14x38 rx. 

* is, n. sp. 

2-wSn&XterSe^XtdXV” 

Eght brown radiate t o7i ““bnnaceons, numerous o.stiolcs, margin 

Zy.7tx Siet ^ kgbt brown, 

80 - 8 SlM;.ZXTrlC 2 -S,\^^^ 


n. sp. 


H. Kanaia, Out. 1919. Log t. J. Sedgwick. 
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AsterineUa interna (Ciie. and Mass.) Th. 

Broteria, 10 : 101-123, 1912. 

Ftmgus IS veiy like AsterineUa intmsa as described, except that tl 
' ® smaller. Asci and spores correspond to the measurements 
m Maeodenclfon glaumm Pers, Madras. Herb. Crypt. Ind. Orien 



MELIOLA SPP. PBOM INDIA AMD ONE PROM MALAY. 


BETEEMINED BY 

PROFESSOR F. L. STEVENS, 

Urbana, Illinois, U. S. A. 

( Reoeived for publicatioa on 9th June 1927.) 

Meliola theacmmm, n. sp. 

Ooloni^ ampMgeiious, mamly epiphyUous, 1-3 mm. m diameter or ooalesoins 
to cover the leaf, dense to crustose in old regions, loose at edge of colony. MyceHum 
nearly atraigM, bla,*, 7-11 (x thick. Spot none. Capitate hyphopodia alternate, 
about 18 (X apart. Stalk coll short. 3-4 (x ; head cell oblong, 14x10 ix. Muoronate 
hyphopodia ampulliiom, abimdant. Perithecial setae none. MyceKal setae 
very few, simple, obtuse or short toothed, 390-800 (x long. Perithecia globose, rough 

evanescent. Spores 4-septete; 

42-46 X .18-22 (j,, middle cell larger. 

Group number 311-31. 4323. Herb. Crypt. Ind. Orient. No. 1982. On Tbeaceae 
bemma. ’ 

Malay : Penang, Govt. Hill, July 1918. Leg. E. J. Butler. Hate I. figures 1 to 4. 

-Uiis IS of special interest as the only true Meliola recorded upon any member of 
the Theacea). In a general key, it would fall near if . litseae from which it is 
separated by the nature of the setal branches. 

Meliola eugeniicola, n. sp. 

Colonies amphigenous, thin, circular, 1-5 mm. in diameter. Mycelium straight 
thick, 7 ii, dark, branching often nearly at right angles. Spot none. Capitate 
hyphopodia opposite, antrorse, close, 18 [i. Stalk cell short, 3-4 u ; head cell cylin- 
drical or sHghtly irregular, 14-15x7-8 (a. Mucronate hyphopodia ampulliform 
Perithecial setae none. Mycelial setae long, 460-1100 simple, acute, straight or 
gracefully flexuose. Perithecia dimidiate when yoimg, globose when mature, smooth, 
140 (i, in diameter, from alveolar disks. Asci evanescent. Spores 4-septate, 43 x 18 ii. 

Group number 3112x4224. Herb. Crypt. Ind. Orient No. 1989. On Myrtacea.'. 
Eugenia eucahjptoides F. Muell. 

India : Pachanadi, Mangalore, April 16, 1913. Leg. L. S. Subramaniam. 

Plate II, figures 9 to 11, 

Though some twenty-five species of the Meholinse have been described on ‘the 
Myrtaoe®, this shows superficial resemblance with only two, viz., M. amomicola 
from which it difi’ers markedly in colony and myceHal characters and in the fact 
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that the liyphopodia are strictly opposite ; and M.. horriiia Rehii- (not Jill!.. & Ev.) 
from which it diffiers ill its setae and colony. 

In a general key., it would fall with these Meliohs of form.iila 3112 with acute 
setae. Erom all of these it differs in length of setae. 



Mdiola hoUgamae, n, ap. 


Colonies hypophylious, sub-circular, 1-3 cm. in diameter, sooty black, velvety. 
Mycelium thin, pale non-adherent. Spot none. Capitate hyphopodia alternate, 
not abundant, very irregular^and irregularly spaced. StaUc cell short, 11 to 22-30 p, 
long ; head cell very irregular, ovate, clavate or lobed, 25x14 |X. Miioronate liypho- 
podia ampulliform, few. Perithecial setae none. Mycelial setae simple, obtuse, 
dark, very numerous, crooked, 640-620 p,. Perithecia globose, rough, 114-266 p. 
Asci mostly 2-spored, ovate, 50-88x22-44 p. Spores eUiptical, 4-septate, middle 
cell much larger than the others, 60-69x24-30 p. 

Group number 3111 — 6333. Herb Crypt. Ind. Orient No. 1981 and 1986», 

On Anacardiaccie, Iloligarna Grahamii. 

India : Anmod, N. Kanara, Dec. 25, 1917, No. 1981. Leg. L. 3. Sedgwick. 
Ekambi, N, Karnara, Oct. 1919, No. 1986a. Leg. L. J. Sedgwick. Plate I, figures 
5 to 8. 

No species resembling this has been noted on the Anacardiaceae or indeed on 
any other host. The abundant non-adhering mycelium with very irregularly spaced 
hyphopodia which are also irregular in shape as well as spores of great size and charac- 
teristic shape are distinctive. The aspect of the fimgus throughout is rather that 
of a MelioLina than of a Meliola and the scarcity of hyphopodia emphasizes this 
relationship. It constitutes a very interesting transition form between these genera, 

Meliola 'ptei'ospermi, n. ap. 

Colonies epiphyllous, black, circular, 1-3 mm. in diameter, often confluent and 
largely covering the leaf. Mycelium dark, crooked, closely tangled, but hardly 
crustose, 7-8 p thick. Capitate hyphopodia alternate, numerous. Stalk cell short, 
3-4 p ; head cell clavate, usually irregular to lobed, sometimes crenate, 18 x 14 p. 
Mucronate hyphopodia ampulliform. Perithecial setae none. Mycelial setae simple, 
200-425 p, obtuse, dark, lighter at tip, often curved, septate. Perithecia globose, 
rough, 175-250 p in diameter, arising from radiate disks. Asoi 2-4-spored, evane- 
scent, 50-80x17-35 p. Spores 4-septate, 35-60x15-22 p, middle cells generally 
swollen. 

Group number 3111. 4332. Herb. Crypt. Ind. Orient. No. 1987. 
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No true Meliola Jias heretofore been reported upon any of the Sterculiaeese, 
In general classification this species is near M, ImtmrmdL 

Meliola indica, Sydow var, caryae, n. var. 

On Lecythidacea3, Careya arhorea Roxb. 

India : Gairsoppa Falls, N. Kanara, Oct. 1919, Herb. Crypt. Ind. Orient. No, 
1985. Leg. L. J. Sedgwick. 

This differs from the Philippine type in its longer setae (to 650 |jl) and its slightly 
elongate hyphopodia and crooked mycelium. 

Meliola elmeri Sydow. Leaf. Phil. Bot. 5 ; 1537, 1912. 

On Pittosporiaceae, Pittosporum dasycaulan Miq. 

India : Ghat Forests, N. Kanara, Oct. 1919. Leg. L. J. Sedgwick. 

Herb. Crypt. Ind. Orient. No. 1983. 

Meliola sahawemis. Hennings, Hedw 43 ; 141. 1904. 

On Verbenacese, Vitex leucoxylon Tinrt, 

India i N. Kanara, Bombay, Oct. 1919. Leg. L. J. Sedgwick. 

Herb. Crypt. Ind. Orient. No. 1984. 

Meliola crescentiae Stevens, in lit. 

On Bignoniaceae, Heterophmgma Roxburghii. H. C. 

India : Dharwar, Bombay, Dec. 1918. Leg. L. J. Sedgwick. 

Herb. Crypt. Ind. Orient. No. 1993. 

Meliola simillime E. and E. Ann. Rept., Mo. Bot. Gard. 9 : 118. 1898. 

Syn. Meliola wngJitiae Yates, Phil Jour. /So. 13 : 371. 1918. 

On Apocynaceae, Holarrhena antulysenterica WaU. 

India : Dacca, March 12, 1913. Leg. A. L. Som. 

Herb. Crypt. Ind. Orient. No. 1988. 

Meliola amndinis, Pat. Jour. d. Bot. 11 : 348, 1897. 

On Gramineae, Phragmiies KarJca Trin. 

India; Ballabari, Karprup, Assam, Feb. 27, 1912. Leg. M. Taslim. 

Herb. Crypt. Ind. Orient. No. 1991. 

Herb. Crypt. Ind. Orient. No. 1990. Puttimari, Feb. 25, 1912. Leg. M. 
Taslim. 

These specimens are of somewhat unusual interest in that the setae are sometimes^ 
simple. 
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MELIOLA SPP. FROM INDIA AND ONE FKOM MAT.Ar 


The following epecimeus are worthy of record an allowing gcograj^idc and liont 
distribution though the species cannot be deterinined citiu;r owing to Hup[)roHsioo 
of characters by parasites or to scantiness of material. 

Herb. Crypt. Ind. Orient No. 1992. 

On Pandanaceaj, Pamkmis. 

India: Balebile, Mysore, lOtliB-p . 1903. Leg. E. J, Butler. 

jSpores 4-septate, hyphopodia alternate. All colonies very heavily pa,rasiti!5ed. 
It is especially desirable that determinable spc(amens be collectod! since no one of 
the Meliolineje has been reported on this host family. 

Herb. Crypt. Ind., Orient. No. 19866. 

On Myrtacea}, Eugenia latifolia. 

India; Paebanadi, Maiigidoi-o, Apr. 16, 1913. .Leg, L. S. Biibramauiairi. 

vSpores 4-scptate, 40-4GX 15-18 ix, hypopodia alternate. 

Herb. Crypt, Ind. Orient. No. PdObf-/-. 

On Kutaceie, (Jitrm sp. 

India: Calicut, Malabar, Sept. 29, 1904. l^eg. E. J. Butler. 

Very heavily parasitized. 

•Herb. Crypt. Ind. Orient. No. 19956. 

On Hutaceai, Citrus acida. Roxb. 

India: Wahjain, Assam, May 17, 1905. Leg. Inayat Khan. 

Very heavily pai-asitized. 

It is of interest to note that these heavily parasitized spooimens from India 
bear identically the same species of parasites, chiefly oi the genera B jx'ijgazzmia^ 
Helmmthoftporiuit', and Arihrofminu.m. that are found in Africa, Hawaii and the 
Americas. 

Herb. Crypt. Ind. Orient. No, 1994. 

On Ruhiacejc, Ixora 'pm'nf,ora. 

India : Bilikeri, Mysore, Sept. 1920, 1903. Leg. Inayat Khan. 

This is possibly eitliei: Irene micarin or /. ar/jptnru^rpU', but it is too heavily 
parasitized to determine certainly. 


Specimens of Asierma and of Meliola fi'oin t!ie liorbamun of tko Agi-icultni-al Resc;u-«h Institute, 
Pusa, wore sent to the Imperial Jiureau of Mycology, London, foi- the purposo of having them named. 
The material from which the specimens were named is depositwUutlm lus-harhuu of the Impiirial 
Bureau of Mycology, London, while the bulk material i.s in the liorharium of the Agricultural Kesearch 
Institute, Pusa» 

W, MoEae, 
Iiiiperial MycMlogisL 
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EXPLANATION OF PLATES. 
Plate I, 

MeUoki theacmnim, n. sp. 

Fig. 1. Mycelium allowing habit. 

Fig. 2. Mycelium showing mucronate hyphopodia. 

Fro. 3. Mycelium showing capitate hyphopodia. 

Fig. 4. Setae showing tips. 

Melioh, hoUgarnae, n. sp. 

Fig. 6. Mycelium showing habit with a peritheeium. 

Fig. 6. Mycelium showing muei’onate hyphopodia. 

Fig. 7. Mycelium showing capitate hyphopodia. 

Fig. 8. Spore.s. 


Plate II. 

Meliola. eugeniicola', n. sp, 

h’lQ. 9. Mycelium shov?ing habit. 

Fig. 10, Mycelium showing mucronate hyphopodia. 

Fig. 11. Mycelium .showing capitate hyphopodi.a. 


Melioh. flerospermi, n. sp. 

Fig. 12. Mycelium showing hadiit. 

Fig. 13. Mycelium showing mucronate hyphopodia. 

.Fig. 14. Mycelium showing capitate hyphopodia. 


Plate III. 

Melioh. pterospmm, n. sp. 

Photograph shoiying general habit. 
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PREFACE. 


The rice breeding work in Sind was started in the harvest season of 1921 by 
Mr. T. F, Main, B.Sc., O.B.E., then Deputy Director of Agriculture in Sind, when 
a large number of single earheads in 10 varieties of Sind rice had been selected. 
These were handed over to m.e for study in February 1922 when the work was placed 
in my charge. More material was collected by me in the following season. By 
the end of 1923 I prepared a note embodying my work regarding classification and 
description of Sind rices, their morphological and agronomic characters, problems 
of fertilization and sterility and selection and testing of strains m the three prin- 
cipal local varieties. This note was then submitted by me for publication as a 
memoir but I was advised by the Director of Agriculture, Bombay, to postpone the 
publication till I bad obtained more comprehensive data on the subject of selection 
and breeding of improved strains which after all was the ultimate object of the 
study. 

At this stage Mr. Durgadutt joined me as Graduate Assistant for rice breeding 
and since then, from 1924, wc concentrated our attention on further work of selec- 
tion and breeding in Sind rice and also on acclimitization of foreign rices. The 
data then obtained were incorporated by me in my original note. For the assist- 
ance rendered by Mr. Durgadutt I am thankful to him and have associated his 
name as joint author. 

I also acknowledge my indebtedness to Mr. T. F. Main, B.Sc., O.B.E., for his 
encouragement during the early part of this work and to Dr. Harold H. Mann, D.Bc., 
for his valuable help in presenting this memoir in its present form. 

K. 1. THADANI, 

Botanist, Agricultural UesearcJi Station, Sahrand (Sind). 
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STUDXEB ON RICE IN SIND, PART L 

by 

K. L TIIiDANI, M.Sc., (Tex., U.S.A.), B.Ag., P.L.S., F.E.H.B. 

Bolaniat, Agf iGulUiml Research Station, Salcmnd, Sind. 

AND ■ ■ 

H. V. DUEGA DITTT, B.So., 

Graduate Assistant, Rice Breeding. 

(Received for publication on :25tli July 1927.) 

1. Introduction. 

By far the most exteiiBively grown crop in Sind is rice, though this province has, 
in no part, where rice is cultivated, a greater average rainfall than ten inches 
per amiiim. As a result, it is exclusively an irrigated crop, depending at present on 
the flow in inundation canals from the river Indus, in which water is avaliable, as a 
rule, only from June to September. In spite of this limitation, the total area under 
the crop is about one and a quarter mdhon acres, divided between two tracts of very 
diflerent character, widely separated from one another. Fig. I shows the dis- 
tribution and the relative intensity of rice cultivation in these tracts in the last year 
for which we have records, and the following table indicates the areas in the diflerent 


Districts. 

Area iu 

District 1925-26 

Acres 

Larkana ........ . . 4X2,274 

Sukkur . . . . . . . . . . • 78,933 

Upper Sind frontier . .... . . , . . 111,285 

NawabsiiaJi . . . ■ . . . . . . . . • 30,443 

Hyderabad . . . . . . . . . . • • 201,717 

Xbar and l?arlcar ........... 01,203 

Karachi ... . . . . » • . • • 240,907 


{ 113 ) 
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Fic 3. 1. Distrihullon of rice crop In Slncl. 

Tlie CJpper Sind rice tract is coiitrod on tlie Liirkana District, ])ut extends into the 
Suldmr and Upper Sind Frontier Districts. Tiiose arc among the liottt‘st areas in 
India, but are supplied with, water hy flow irrigation in the iiiumlation seas(ni. The 
land is alluvial and is nsnall}' well drained naturally. The e.ouditions ar<‘. very 
snltahlc for rice cullivation, yields np to Ih. of grain })er acre are not lun^omnion, 
and high class rice is grown. Almost all the crot) is transpljinted from nursery 
beds. 

The Lower .Sind rice is grow.n in an area which is, to a great (ixteiit, a^ctiuaJIy in 
the delta of the Indus, with an extension to the east into the Nara valley. It com- 
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prises tlie lower parts of the Hyderabad and Karachi Districts (known as the " Lar ') 
and a portion of the Thar and Parkar District. The area differs from Upper Bind in 
a considerably cooler climate during the rice growing season, both by day and night, 
and far more moist atmospheric conditions. The water is much less under control 
than Upper Sind, and hence the rices have to he and are adapted for the deep water' 
conditions which prevail in a large part of the tract. The crop in the Nara 
and in a large part of the Lar is broadcasted ; in the remainder of the Lar it is trans- 
planted as in Upper Sind. 

The varieties of rice grown are, as would be judged, very various and widety 
differing in character, and the object of the present paper is to present, on the one 
hand, a classification and short description of the special characters of the various 
types which have been foimd, and on the other, to describe the mvestigations which 
have been made on three of the more important varieties grown in Upper Sind, 
and on their improvement. These three varieties are Kangni, a type which occupies 
seventy-five per cent, of the area under the crop in Upper Sind, and Jajai and Prong 
two commonly grown so called siigdasi or flavoured varieties, 

II. Classification of varieties of rice in Sind. 

Species of rice in Sind. Though almost the whole of the rice found in Sind, 
cultivated or wild, belongs to the species Oryza saliva, yet there occurs in the delta — 
in the Shah Bunder taluka and the Keti Bunder mahal of the Karachi District — 
a wild species which has been named Oryza coarctala or Oryza triticoides. Its occur- 
rence is limited to the swamps of the Indus delta where salt water mingles with fresh 
water. There the plant is known as smn grass, and the grain as mnoi. The mature 
grain sheds completely, and is gathered by the local inhabitants for food, while the 
straw is eaten by cattle, especially by buffaloes. The grain resembles wheat, and is 
stated by Watt to be carried all over India by Hindus for use on certain ceremonial 
occasions. 

IvFo further reference need be made to this special wild form of Oryza. There are, 
however, very many varieties of Oryza saliva, or rice proper, both wild and culti- 
vated. The wild forms often appear as weeds in cultivated rice, and are foequent 
sources of contamination. Most of the wild types are characterised by the presence 
of long, very rough and stout awns, which are usually red or even scarlet, in colour, 
and all have the character of shedding most or all of their grain. 

The cultivated varieties of rice in Sind are many, and thirty-five of these have 
been classified in the following table. In this table, the first distinction has been 
made between bearded and beardless rices, and then the following characters* 
have been used in succession in separating the various types : — 

(a) Colour of leaf sheath— green or red, 

(?>) Colour of grain — white or red. 

'riiosc charactera, as a]jplied to >Sincl rices, are discnssed fully on jiagea 121 — 138. 
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(c) Character of grain—long, fine or coarse. 

(t?) Colour of inner glumes, white, yellow, red, or black. 

(c) Colour or lack of colour of the Up of inner glimies. 

{/) Colour or lack of colour of the outer glumes. 

Using the chara,cters named, in this order, it has been possible to briug all the known 
varieties of rice in Sind into one comprehensive scheme. 

Beardless varieties. 

1. Eice with green leaf sheath. 

1. Grain white. 

B. Grain fine. 

(а) Imier glumes wliite. 

(i) apiculus and outer glumes colourless. 

Variety I. ParsaH, 

„ II. Barsati. 

(б) Inner glumes yellow. 

(i) apiculus and outer glumes colourless. 

Variety III. Jirashahi. 

(ii) apiculus and outer glumes coloured. 

Variety IV. Jqjai. 

„ V. Unnamed new Type A {Suydasi). 

„ VI. CJiajrai. 

„ VII. Unnamed new Type X . 

(c) Inner glumes red. 

(i) apiculus and outer glumes colourless. 

Variety Vin. RedKangro. 

IX. Bidri. 

„ X. Sathri. 

(ii) apiculus and outer glumes coloured. 

Variety XI. Eatrya, 

C. Grain coarse. 

(a) Inner glumes white, 

(i) apiculus and outer glumes colourless. 

Variety XII. Ganjro. 

(<?) Inner glumes black. 

(i) apiculus and outer glumes coloured. 

Variety XIII. Pista or Kaviaro. 
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II. Rice with red loaf sheath. 

1. Grain, white. 

B. Grain fine. 

(rt) Inner glumes white. 

(i) apictilus and outer 
Variety XIV. Kangni. 
„ XV. 


colourless. 


C. Grain coarse. 

(a) Inner glumes white. 

(i) apiciilus and outer glumes colourless. 

Variety XVI. Kimjro. 

„ XVII. T&rh. 

2, Grain red. 

B. Grain fine. 

{a) Inner glumes white. 

(iii) apioulus coloured and outer glumes colourless. 
Variety XVIII. Unnamed New Type G. 

C. Grain coarse. 

(а) Inner glumes white. 

(i) apioulus and outer glumes colourless. 

Variety XIX. SindM Jcambroo. 

(iv) apioulus coloured and outer glumes colourless. 
Variety XX. Unnamed New Type Y. 

„ XXI. Ganja, 

„ XXII. LarL 
„ XXIII. Motya. 

Bbabded vaeieties. 

!. Rice with green leaf sheath. 

1. Grain white. 

A. Grain long. 

(б) Inner glumes yellow. 

(i) apioulus and outer glumes colourless. 

Variety XXIV. SigJiro. 

(c) Inner glumes red. 

(i) apioulus and outer glumes coloured. 

Variety XXV. SmaJiiri. 

„ XXVI. SadaGuhb. 


■ 
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This table represents the whole of the types •;£ rice which have reached the 
author’s hands from various parts of Sind. It will be seen that they present great 
variety. Out of the thirty-live varieties twenty-throe are beardless, aTid. twelve 
bearded. The leaf; sheath is green in twenty-one and red in fourteen cases. Twenty- 
five rices have white grains, and ten have red grains. Thirfcoen types are classed 
as coarse. Twenty-seven types were obtained in Upper Sind, and nine in Lower 
Sind, 

I).;seRiPrioN op rice vahietirs. The following notes indicate the status of ciich 
of these varieties in the cultivation of the crop. 


II. 


11 drain fine. 

(«) Inner glumes white. 

(i) apiculiis and outer glumes colourless. 

Variety XXVII. Vnnamrd Neiv Tifpe />, 

(6) Inner glumes yellow. 

(ii) apiciilus and outer glumes coloured. 

Variety XXVITI. Umutmed New Type C. 

„ XXIX. Prong. 

XXX. Bengalo. 

0. Grain coarse. 

(a) Inner glumes white. 

(iii) apiciilus colourless and outer glumes (^oloiired. 
Variety XXXT. Molkiro. 

nice with red leaf sheath. 

2. Grain red. 

B. Grain fine. 

(a) Inner glmnes white. 

(ii) apiculus aud outer glumes coloured. 

Variety XXXII. TJmiamed New Type Za. 

0. Grain coarse. 

(a) Inner glumes white. 

(i) apiculus and outer glumes colourless, 

Variety XXXIII. Unmnicd New Type, 1). 

(iv) apiculus coloured and outer glumes colourless. 
Variety XXXIV. Unnamed New Type Yj, 

{d) Inner glumes black. 

(ii) apiculus and outer glumes coloured. 

Variety XXXV. Unmimed New Type B, 
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Beardless varieties. 

I. Parsad. A sample of this variety was obtained from a Zemindar in tbe 
Larkana district. It is also known as Sukh Parsad. Its grain is fine and w-liite, 
and it is early. The straw'' is strong. It is not growm on a commercial scale. 

II. Barsati. Tills is a Lower Sind rice and was obtained from Tando Gliiilam 
Hyder (Lower Hyderabad). It gives a fine white grain, is early and yields fairly 
•well. It is not grown on a very large scale. 

HI. Jims'haM, This also comes from Hyderabad. Its grain is very small, 
liBiice its name which implies resemblance to a cimiinsecd. It ripens late, has 
strong straw and has a largo tillering capacity. It is not grown on a commercial 
scale. 

IV. Jajai. This is an important, scented, sugdasi variety ranking among the 
highest quality rices of Upper Sind. It usually brings a premium of Es. 4 per mamid 
of clean rice over Kangni. It is earlier than Prong, a swjdasi rice grown in the 
same area, bat tends to lodge. The straw is very tough (and hence threshing is 
tedious), and it is not liked by cattle. The area under this variety is not very large, 
being chiefly in the Mirokhan and Kambar talnl-cas of Larkana. Its yield is low 
compared to Kangni and Prong. 

V. Unnamed new type A. This is a new sugdasi type discovered as a strong 
plant, which has a fine grain like Jajai. It is very early but is a poor yielder and 
shows much sterility. 

VI. CJiajrai. This is a Lower Sind rice, not grown on a large scale. Its grain is 
fine and white, but it is a poor yielder. It is a medium ripener. 

VII. Unnamed new type X. This is & Sugdasi irygei found in a field of Jajai, 
ripening earlier than the latter. It is scented and yields fairly well, and the grain 
is fine and white. 

VIII. Bed Kangro. This is an early Upper Sind variety with a superior white 
grain, though with a red husk. The yield is higher than the common quick maturing 
types. It is not grown on a large scale. 

IX. Bidri. liis early rice, grown in Larkana on high lands, is a dwarf variety 
with a coarse grain. It can withstand a good deal of salt in the soil. It is grown on 
a fair scale on high lying lands. 

X. Sathri. This variety, commonly grown on high lying lands in Upper Sind, 
is early ripening, but gives a poor grain, though its straw is much liked by cattle. 
It can withstand a good deal of salt in the soil. 

XI. Ratrya. This is a variety common in the Kara valley, where it is known as 
Naiarice. It is also grown in the Tando area of Hyderabad under the name 
•' Khorwa ’ rice. It is the best in quality of Lower Sind rices, giving a white medium 
quaiiliy grain and yields fairly well. It has a very light husk. 

XII. Gmjro. This is a very early Upper Sind variety w'hich is grown on high 
lands in small patches. Its grain is coarse, and the straw is brittle but much liked 
by cattle. 
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XTTI. Fist (I or Kariaro. This variety is termed Pwfa owiii|:^ to itn small grain 
resembling a pistachio nut, and Kariaro on account of its black liusl^. i t is aj^ Upper 
Sind type, and is tall, late in maturity, and yields fairly well. 

XIV. Kangni. This is the standard type of rice for Upper Sind, a,n<l is grown on 
all kinds of soils except those which lie low. The grain is white, nnalium in 
quality and the straw is good. It formsthe staple ft>o<l of the ina,ss of the popula.- 
tion, and is parboiled and then exported on a large scale. 

XV. Satim/a. This is a type very similar to Kangni in the Narn. Valley in 
Lower Sind. It gives a tall plant which lodges badly, matures early and only 
gives a small yield. 

XVI. Kunjro. This Upper Sind variety is very rarely grown. It is late typcj, 
has a medium sized plant, with a white, small but coarse grain. 

XVII. Torh. This is an important variety in Upper Sind for high lands, and it 
can withstand salt in the soil fairly well. It is a heavy ykdder and lias good stra.w, 
but sheds its grains badly. The grain is coarse and fetclu^s a low price, in tlu‘, market. 

XVIII. Unnamed new tij'pe G. This was found as a, si, ray plant, with a lino red 
grain, in a field of kangni rice. It did not breed true, but a type as described has 
been isolated and ma,intained. 

XIX. Sindhi Kambroo. This is an early variety from Lower Sind, with coarse 
red grains — not extensively grown. 

XX. Umiamed new type Y. This was again found as a stray plant, and has 
been maintained. It is a type with a very heavy gi’aiii, yielding liigh and giving a 
coarse red grain. 

XXI. Ganja. This is a Lower Sind variety grown on high lands, maturing 
earlier than Motya [see below). It lodge, s very badly, its grain is rather coa,i‘se and 
brittle and is very low priced. 

XXII. Lari. This is an Upper Sind, variety wliosc name im})lies that it was 
originally obtained from Lower Sind. It is grown on low lands, and tlu', jdnnt is 
tall and matures late. It lodges very bad]}’-. The grain, is veiy poor and sells at 
a very low price. 

XXIII. Motya. This is a low land variety Lrora, the South of the llydcrabad 
District. It is a tall plant and matures late. Tlie grain is coarse, red and heavy, 
and fetches a low price. It is largely iised in Kydera,bad. 

Bearded varieties, 

XXIV. Bigliro. This is an Upper Sind variety, early ripening and oc.casionally 
grown on patches on high lying land. The plants a.re not tall and the straw is much 
liked by cattle. Tlie grain is fine and the yield fairly good. 

XXV. Sonahiri. The colour of the husk of this riecb is deej) red, and it is 

obviously closely related to Sada guM) {see ])elow), though later tliaji the l.'ittor. 
It is an Upper Sind variety, which has a very light, thin, brittle grain. The pia,nt 
fsenda to lodge badly, ■ 
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XXVI. Soda (julah. This is a stiperior variety in Tipper Sind, with a 

rose coloured Imsk. The plants are tall and late in maturing. The grain is some- 
what lighter than P-iwig and higher in quality than the latter but very brittle. It is 
not commonly grown. 

XXVII. Unnamed new B. This type, developed from a stray plant in 
Upper Sind, is a tall plant, late in ripening and has a long and heavy gi-ain. 
The straw is strong. There is much sterility in the earheads. This is a scented 
variety. 

XXVIII. Unnamed neiv type 0. This is another type developed from a stray 
plant found in a field of Prong (Upper Sind). It has a fine white grain, but the 
jdeld is low. 

XXIX. Prong. This is second only to Kmigni in extent of cultivation in Upper 
Sind. It is tall, and matures much later than Kmigni. The grain is long, thick 
aiid Imavier than all the other sugdasi varieties. The straw is tough and not liked 
by cattle, and the gi’ain is threshed with more difficulty than wdth other varieties. 

XXX. Bcngah. This is a scented rice, better in quality even than Jajai (see 
below) h\it was obtained in Lower Sind. It ripens at the same time as Jajai, is a 
fairly high yielclor and the grain is fine and white. 

XXXI. Moliaro. This variety was obtained from Johi taluka in the south of 
ihc Larkana District, where it is much appreciated and fetches a good price. It is 
a low land variety, tall and matures late. The earhead is highly branched and 
well filled with coarse grains, looking like beads — hence its name. 

XXXn. Unnamed' new type Z a. This is a wild rice in Upper Sind, with a very 
luxuriant growth and a coarse red grain. 

XXXTII. Unnamed new type D. This, again, was developed from a stray 
plant in a field of Prong, in Upper Sind. It has a coarse red grain and is a low 
yiclder. 

XXXIV. Unnamed new type Z. This is also a type from Upi)er Sind, -with a 
very long, thick red grain. It ripens late, yields well, but the grain sheds badly. 

XXXV. Unnamed new type E. Another wild rice from Upper Sind, dwarf in 
character; the leaves being very conspicuous with a dark margin. The grain is 
red and coarse w'th a black husk and black awns. The shedding is very great. 

ni. Chairacteristics of rice varieties in Sind. 

It is proposed in the present section of this paper to consider the characteristics 
of a large number of the varieties of rice as above classified and described. Some 
of these characters are morphological, some are agronomic, and some physio- 
logical in cluiracter. 

Morphological CHARACTERS. 

Awn Uiamctcrs of Sind rices. Ho feature is more variable among the rices grown 
iu Sind than the awn character. Of the thirty-five Sind tvpes ^llected, aw^ are. 
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present on eleven varieties, most of wLicli ripen late and all of which come from 
the drier conditions of Upper Sind. AVhere present, the awns have the same colour 
as the tip of the inner glumes. Most of the awned types have a generally vigorous 
grow'th, and the awns are valuable as a protection from pigs, birds, rats, and. certain 
insects. They are associated with both fine and coarse rices, as the following table 
shows. 


Table I. 



GqIouy relationship in Sind rice plants, {a). The leaf sheath. The colour of the 
leaf sheath is a use.ful character for diagnosis, as it can be seen in the seedling 
stage. The normal colour varies from yellowish-green or green to a shade of 
red or purple ; it may be temporary or permanent. The majority of the Sind, 
rices have a gi-een leaf sheath ; only seven out of the thirty-five types studied have 
it coloured. All the varieties vrith a green leaf sheath have a white grain .keriifjl. 
The converse is not, however, true. 

It has been stated by Graham (2) that the colour of the leaf sheath in rice is 
associated with a similar colour of the apiculus. This association docs not, however, 
exist in the Sind types. The following table shows the colour of various organs in 
seventeen varieties of Sind rices. 
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Table II. 

Colour relationshi'ps in Sind rices. 


PiiESENCE OE Red coiomi tn 


Vai'icfcy 

Loaf bhoatli 

Apiculus 

Outer glurnea 

glunuiS 

and 

puioae. 

Colour of 
kernel 

1. Kangni . 



Present 

Present 

. Absent 

White 

White 

2. Sathrya . 



no. 

Absent 

Do. 

Do. 

Do. 

3. Eunjro . . 



Do. 

Do. 

Do. 

Do. 

Do, 

4. TorJi . . . 



Do. 

Do. 

Do. 

Do. 

Do. 

6. Now Typo G. . 



. Do. 

Present 

Do. 

Do. 

lied. 

6. Sindhi Kumbroo 



Do. 

Absent 

Do. 

Do. 

Do. 

7. New Type Y . 



Do. 

Present 

Do. 

Do. 

Do. 

8. amija . 



Do. 

Do. i 

Do. 

Do. 

Do. 

9, Motya 



Do. 

Do. 

Do. 1 

Do. 

Do. 

10. New Typo 'A a. 



Do. 

Do. 

Present 

Do. 

Do, . 

11. New Type E. . 



Do. 

Do. 

Do. 

Black 

Do. 

12. littirya 



Absent 

Do. 

Do. 

Bed 

White. 

13. Pista 



Do. 

Do. 

Do. 

Black 

Do. 

14. Prong 



Do. 

Do. 

Do. 

Yellow 

Do. 

15. Bonahari . . . 



Do. 

Do. 

Do. 

lied 

Do. 

16. Sadu Gulab 



Do. 

Do. 

Do. 

Do. 

Do. 

17. Mvtiaro . 



Do. 

Do. 

Do. 

Yellow 

Do. 


(6). Inner glumes. The colour of the inner glumes {‘paleae and lemma) may he 
white, yellow, red or black, though each group includes many shades. The coloius 
for each variety are constant and form a diagnostic character. It may be noted, 
too, that the prominence of the ridges and grooves on the surface of the inner glumes 
is characteristic of the varieties. They are usually prominent in coarse varieties 
and faint on slender rices. 

(c). Apiculus. The apiculus or the tip of the inner glumes may or may not be 
coloured, and the colour may be temporary or permanent. Thus a distinctly 
coloured tip at the time of flowering has been noticed, where the colour fades as the 
plants approach maturity. On the other hand, some varieties show a green tip at 
flowering where colour developes as the grain matures. As aheady stated, the 
colour of the apiculus is 7iot constantly associated among Sind rices with the colour 
of the leaf sheath or of the outer glumes. 

Height of the main culm. The variation of the height of the main culm was only 
measured ioithin each of the three main varieties studied, namely, Kangni, Jajai, 
and Prong w^hen grown under similar conditions at one place (Larkana). The height 
, , ■ ■ ■ B 
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was measured from the ground to the tif of the topmost spilvelefc, and between 
4:50 arid 500 plants were examined in e;icli case. Tlui mean height in these three 
varieties was as follows; — 


■It. .JucIk.'s. . 

Jr ws:': ■■r Kangi . ■ .. • ....... . ■. • ■ . «.1.'4±-J.4. 

1 • Jttjai 

"ii- Prong . . ." .■ .• • ' ■*. • .i.).l'7±'44. 


‘ Generally, short varieties are low yielders, but when the height is greater than 

' 42 inches, added height is not associated with heavier 3 deld. High varieties are, in 

' ! general, more liable to lodge. Jajai lodges badly and the types accustomed to sub- 

‘ mergence in waiter {Lari etc.) lodge st-ill more seriously. Among the sugdasi varie- 

; ] ties, Prong lotlges less than the others. 

: Tillering cafacity. As a rule, tillering in rice plants commences a fortnight 

after transplanting and continues for two or three weeks. 'Under (h'.cp water coiidi- 
i;' tions, such as prevail .in the rice swamps of the Lar tract, tillering is very largely 

fe prevented. 

I « While the relative numlier of tillers is a chara,ctcr wdiich is characteristic, of varie- 

ties, and especially of strains of varieties, yet the amount of tillering varies in ditTe- 
|i ^ rent years, probably owing to variations in the manner of water sujjply and the 

i’' land on which they are growm. This is illustrated by the following hgures for two 

; pure strains of each of the varieties Kangni, Jajai and Prong at Larkana. The 

jii figures arc based on the examination of 50 plants in 1924, 250 j>]aiits in 1925, and 

p . 600 plants in 192(5, 

I . Ta'ble III. 



Number <?/ tillers in plants of selected strains. 


Numuek 
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So far as {.lie varieties, as they occur in cultivation, are concerned, the tillering 
capacity is of course much more variable than the above, and the late varieties are, 
on the whoh', distinctly more highly tillering than the earh’’ ones, though there are 
exceptions, d^'he following tables show, for the early and late rices separately, the 
relative tillering capacity under similar conditions for three years. The figures 
for 1924 and 1925 are based usually on the examination of from 130 to 150 jilaiits, 
and those for 192G on 500 plants. 

Table IV. 

Nvmber of tillers per plant in early varieties. 


Mean number of tiblees bee blant 


Vaiiety 

1924 

1925 

192G 

1. Kariaro 




9-4 


_ 

2. Barmti . , 




9-8 

8-9 

- . 

3. Bengalo . . . 




10-0 



4. SigJiro . . . 




10-7 

12-9 

-- 

5. SindM Ka.i broo . . 




12-7 

9-6 

- 

G. Parsad . . . 




13-0 


- 

7. Chajrni . * . 




13-2 

11-3 


8. (Btrain 14) 




13-2 


- 

9. Ganjro . . . 




14-G 

9-9 

, - 

10. Sathri . . 




14-7 

9-8 

- 

11. Bidri 




1-50 

11-0 

_ 

12. New Typo A. 




15-2 

9-7 

- 

13. Moiiaro 




15-8 

13-8 

— 

14. Riiil Kangro 




20-4 



16. Torh 




21-6 

i 18-3 

22-0 


B 2 
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Taking tliese early rices it will be soon that Torh stiiiuls out as a high tillering 
rice in each year. 

Table V. 


Nimher of tillers per plant in hie varidics. 


Variety 

MiSAN NUJUJUK OiC TIW.KIIS T 

lill I’LANT. 

1924 

1925 

102(i 

1. (Janja 




13-;} 

; 


2. Now Tyiio Z a. . 




13-5 


■■■■ — ■ 

3. Lari . ...... 




13-8 

10*8 

.... .— ' 

4. Piata 




H-4 

— 

: ■ ■ 

S. Prorm (Skaiu 65) 




16-0 

10-5 


(5. Somhari . . 




lOl 

lO'l 

— '.. '...' 

1. SadaGulab 




l(i-9 

IM 


8, Kunjro 




17-0 

i7-0 

— 

9. New Type B. 




19'1 

— 

■ — 

10. Jiraahahi . 




2()-r) 


23'2 

11. Motya 




•• 1 

i)'3 

— 


Taking the rices actually in cultivation, it will bo seen that JirashaM, and Eunjro 
stand out as giving a constantly high tillering capacity among these late Sind varie- 
ties. 

In 1926, a large number of foreign vaTieties, brought either from other parts 
of India or from other rice growing countaes, wuire grown under similar conditions 
to the types indicated above, and their tillering capacily dtt.crmiucd. l-^lioy were 
transplanted as single plants, 12 inches by 9 inches apart, on duly 22, 1925. The 
tillering capacity of these varieties was as follows. The details arc given in 
Appendix A. 

(1) Konhan nee varieties. The strains of the Kolamba rice of the Koiikan, 

isolated at Karjat, gave from 14*7 to 20‘9 tillers per plant, corre- 
sponding closely to the late Sind varieties. 

(2) Bengal rice varieties. Six varieties were tested from Bengal, and. these 

gave from 9*6 to 31*7 tillers per plant. The high varieties were Indra- 
sail with 30*6 and Dadkani with 31*7 tillers. The former of these 
is one of the very high yielding aman rices of Bengal. 

(3) Assam rice varieties. In tillering capacity, the fifteen varieties of Assam 

rice were similar to the samples from Bengal, varying from 8 *6 to 
30*5 tillers per plant. The highest varieties arc Indrasail with 29*1 
tillers, Tipidumia with 30*3 tillers and Negrasail w,ith 30*5 tillers 
per plant. 

(4) Central Provinces rice varieties. None of the eight rices tested from the 

Central Provinces, except one had a high number of tillers per plant. 
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This one was a variety named Khut hhara which gave 25*6 tillers 
per plant. 

(5) Dacca deep water rice varieties. These plants were not in their element 

as it was not possible to supply them with enough water, and hence 
they were somewhat sickly. Under these conditions none of the 
three varieties tested gave more than 16*0 tillers per plant. 

(6) Japan rice varieties. Ten varieties from Japan were tested. All of 

these were dwarf types, and the tillering was delayed. No grain was 
produced in any of them though the spikelets were normal in 
appearance. Most of them gave very few tillers, six of them giving 
from 6 to 10 tillers per plant. The highest {Oha) only gave 16*6 tillers 
per plant. 

Length of earlieacl and nmiher of branches in panicle. The length of the earhead 
and the number of branches in the panicle was studied for twenty-six Sind varieties 
grown under similar conditions in 1923, measurements being taken (except in the 
new unnamed types) of between 100 and 200 heads in each case. The actual figures 
are given in Appendix II. There is, of course, nothing absolute about the figures 
though they are comparable among themselves. The length of the earhead in Sind 
types varied from seven to ten inches and the number of branches in the . panicle 
from eight to eleven. The longest ear with the greatest number of panicle branches 
was possessed by the Motiaro variety, a bearded, medium ripening iype from the 
Johi taluka of the Larkana District (see above). This gave in 1923 an earhead 
with an average length of 10*2 inches, and an avera.ge of 17*6 branches per panicle. 

A much more detailed examination of these characters was undertaken ^\ith 
the three varieties (Eangni, Jajai and Prong) selected for special study. In 1922 
over one thousand earheads were examined in each case, and in 1923 nearly five 
hundred. 

Table VI. 

Barrhead characters of selected Sind rice varieties. 



Variety 


Number o£ 
car heads 
examined 

Mean length 
of earhead 
inches 

Mean 
number of 
brandies 

1. Ka'mjni 

p922 . 


1780 

8-3 

8<7 


\l923 . 


448 

8-2 

9-e 

2. Jajai . 

J1922 . 


1100 

11-6 

9-6 


* 1.1923 . 


479 

IM 

9‘2 

3. Prong 

n922 . 


1100 

11-G 

9-8 


*\l923 . 


480 

i 10-2 

8-9 
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These figures show the very large variations in the density of the carlien.ds. 
Kmipni.^ though having a short earhead contains an equal, nmniier of hranehes per 
panicle with the other two types examined. 

Nimiber of spiledets -per earhmd in Sitid rices. Jaoolison. (d) in a report on Phili- 
jjpine rices, shows that, grown under simiiar conditions the nnmhor of s])ike!is per 
earhead varies in that country from 50 to 478. The range in 8ind does not Recm 
quite so great, but in tests of twenty-five varieties in 1923, all gi'own together at 
Larkana, a range of 92 to 303 was found. The detailed figures are given in .Appen- 
dix III. It will be seen that JirashaM, a variety from Hyderabad, stands highest 
With 303 spkelets per earhead, but the grain of this variety is very small. It is also 
the case with the other varieties with a largo uumlicr of grains per earhead, sucli as 
Kun-jro (254 grains). Pista (206 grains) and Mofiarn (196 grains). Some fine grained 
varieties from the Konkan and Bengal, grown nndor similar conditions in the same 
season, gave similar figures. Thus Kolumha No, 42 nud Kolumba No. 79 from the 
Konlvan gave 203 and 231 grains respectively per eaihi'ad. A fine Bengal rice 
gave 124 grains, and the Dadhmi variety from Bengal gave. 203 giraiiis per earhearl. 

eight of grains in Sind rices. Most of the Sind varieties of rice have large 
heavy grains. The rice growers are not fanuliar with tlie finer, lighter grain 
types ; they have, in fact, a prejudice against them, especially when they are not 
suitable for parboiling. As a rule, heavy grain varieties mill better than, liglit 
ones. ' ' 

^The types may he classified into light (Bb grams or less per 100 grains), medium 
(To to T9 grams per 100 grains), heavy (2*0 to 2*5 grams per 100 grains), and very 
heavy (above 2*.5 grams per 100 graiiis). Out of a large mimber of Sind types 
examined the results may be summarised as follows :~- 

(1) Light grained types. Kunjro, Jirashai, Dadhmi and Pista. Weight 

varied from 0-92 grams {Kunjro) to T13 grams {Pista), per 100 grains. 

(2) Medium grained^ types. Jnjai, Motiaro, Sigliro, Red Kangro, Sathri, 

Parsad, Bidri. Weight varied from 1*84 {Bidri) to 2-1 '{Jajai) grams 
per 100 grains. 

(3) Heavy grained types. Prong, Ganjro, Ratrya, Sonahiri, Torli, Kangni, 

and Sada GiiJah, The weight varied from 2*2 {Sada Gidah) to 2*4 
{Prong) grams per 100 grains. 

(4; \eiy heavy grained types. Ganja and Lari. The weight in these cases 
was 2*9 {Ganja) and 3*0 {Lari) grams per 100 grains. 

f Dieaning of these figures it may be stated that Copeland (3), 

rom ilippine experience, takes 2-0 grams per 100 grains as the grain v-eigld; of 
or inary commercial rices. The fine rices of Western India and Bengal, however, 
an. muc smaller. Two strains of (Konkan rice Kolmnha) from Karjat, grown in 
1 hk’ grams per 100 grains respectively, and a Bengal rice gave 

T 95 grams per 100 grains. 
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Agronomic CHARACTEBS. 

Yield, ing capacity of Sind rices. In all questions of improving ’farm crops, the 
paramount importance of maiiitaining a high yield must always be fully recognised. 
The yield is, in the ease of rice, obviously a complex of many factors, such as tiiiemig 
power, number of grains per earhead, sterility percentage in the panicle, and a 
special difficulty in the study of the capacity to yield in the case of the various 
varieties is the very great variability from year to year. In spite of this difficulty, 
however, the results of several seasons show that high yielding types, on the whole, 
maintain their superiority from year to year. This is still more the case in selecting 
strains out of the different varieties. In tlie intensive study of the Kangni, Jajai 
and Prong varieties, it lias been possible to isolate strains which for several years 
have consistently given high yield, and in which yielding power behaves as a 
hereditary character. These will be dealt with later. In the meantime, some 
idea of the position with regard to the plants of the Sind varieties, as grown side 
by side at Larkana, may be given. 

In 1923, twenty-six distinct varieties of Sind rice were under trial, being planted 
in a similar manner in each case. Ten single plants of each were harvested 
separately and from those it was found that the average yield jier plant varied from 
19 to 58 grams. Torh, Motiaro and New Type Y were found to be very heavy 
yielders. When the yield per earhead was taken, the same varieties stood at the toj) 
of the list. In 1924 and succeeding years a large number of plants (generally over 
100) of each variety were examined, but in each year same varieties have maintained 
their position. Detailed results of the yield are given in Appendix IV, with those 
of a number of rices from other parts of India and from Japan, grown under similar 
conditions in 1926, 

Period of growth in Sind rices. The time required by a variety of rice to come to 
maturity is a matter of very great importance, especially in a country where the time 
during which water is available is limited. The character of inundation season in 
Sind is vei^y uncertain : when the season is shortened, the essential requirement of 
an efficient variety is speed of growth. Varieties which are late in ripening cannot 
always succeed and are hence useless. Of course, as would be expected, the length 
of the growth period varies a good deal with the area in which a particular variety 
is grown. Thus the Upper Sind variety Prong, which is lare in its own area, matures 
much more quickly in Lower Sind. On the other hand, Kcmgni, the favourable 
early variety of the Larkana district has its period of growth increased in Lower 
Sind, The Lower Sind type Ganja was found to mature considerably later in 
Larkana than in its own area. Further a very early variety of rice from Eatnagiri 
(Konkan) was found to take a much longer time for ripening in Larkana. These 
variations are, of course, in accordance with what has been found elsewhere, and all 
comparisons of time required for growth have, in the present paper, been made on 
the basis of cultures on similar land at Larkana in Upper Sind, 
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In rice some varieties flower in a definite lengtli of time, more or less i 
of tlieir date of sowing and transplanting : otliers flower, every year, at a 
time, no matter wliether they are transplanted early or late. Tlie form 
flowering has been termed, ‘ periodically fixed ’ and the latter ‘ timely 
Mitra (8). The following varieties of rice belong to the former class ; — ( 
[2) Scithri, {&) Ganjro, (4) New Type A and this is shown by the recor 
1924 and 1925. 

Table VII. 

Time of Po wering of ‘ Periodically Fixed ’ ty^es of rice. 


The ‘ timely fixed ’ varieties of rice in >Sind seem much more numerous, and 
among these it will be found that the dates of flowering will l)e hardly affected by 
the date of transplanting. The following table shows this. 

Table VIIL 

Time of Powering of ‘ Timely Fixed ’ types of rice. 


Number of days 
u’ing trauspianting to 
iioweriiig 


Date of traasplanting Bate of flowo 


»SepfccmJ)er 11, 1923 
September 12, 192.') 
yeptornbor 12, 1920 

iScptnmbeir 11, 1923 
September 11, 192.0 


... 

J 

Variety 

Date of transiilanting 

Number of days 
transplautiug to 
flowering ’ 

' 1 

ri923 . . . . 

June 28, 1923 

78 

Kanrjm 

.-! 1924 . . . . . 

July 10, 1921: 

78 

i 

hl925 . . . 

July 11, 1925 

80 

[ 

j Sathri . 

ri923 . . . . 

July 7, 1923 . 

95 


'll 925 . V . . . 

July 21, 102.5 

92 

Ganjro 

J1923 . . . . . 

’ \,1'‘>25 ..... 

July 8, 1023 . 

, 56 ' ' '■ 


July 21, 1925 

1 

New Type A. 

ri923 ... 

July 8, 1923 . 

|, AS ;■ 


'Il925 . . . 

July 21, 1925 

47 
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Time of flowering of ‘ Timely Fixed ’ iy^pes of rice — contcl. 


Variety 

Date of traiisplaiitiug 

Date of flowering 

Numboi' of days 
tran.sj)la,nting to 
flowering 

IScwljpu B. 

( 1924 



July 23, 1924 

. 

October 2, 1924 

■ 71V' 


' 1 1925 



July?, 1925 . . 

October 3, 1925 

. 8SV 

Jirashahi . 

( 1924 



July 23, 1924 ; 

October 24, 1924 . 

93 

• 1 1925 



July 12, 1925 

October 22, 1925 . 

102 


( 1023 



July S, 1923 . . 

September 29, 1923 

S3 


•i,1925' 



July 21, 1925 

October 3, 1925 

74 - . 


f 1923 



June 2S, 1923 , 1 

October 4, 1923 

98 

Jajai 

.< 1924 



July 10, 1924- 

October 9, 1924 

84 


U925 



July 11, 1925 

October 4, 1925 

85 


ri923 



Juno 2S, 1923 

October 10, 192.3 . 

105 

Prong 

1924 



July 10, 1924 

October 17, 1924 . 

94 


kl925 



July 11, 1925 

October 8, 1925 . | 

90 


In determining tlie earliness of varieties of rice, early flowering is usually con- 
sidered as an index of early maturity. This is, however, not strictly true : for 
the interval between flowering and maturity has been found to vary considerably. 
In fact, among Sind varieties, the time from flowering to maturity varies from 24 
to 53 days. The variation is much more limited than if varieties from other parts 
of India and abroad are included : a number of these grown at Larkana showed 
variation from ten to eighty days, Philippine varieties (Crisostomo 15) varied 
from eleven to sixty-nine days. 

The interval between flowering and maturity varies from season to season not 
only with the same variety, but also with the same strain, of rice. In 1923, for 
instance, it was much shorter than in 1924 and 1925 at Larkana with selected 
strains homJajm and Throng rices. The actual mean figures for four strains w^ere as 
follows : — 

Table IX. 

Seasonal variation in the ripening period. 


Number of bays from eloweiuno to maturity 


Strain 

1923 

1924 

1925 

Jajai 

CNo. 77 . . 

20-7 

29-9 

30-2 

•(No. 43 - . 

22*9 

31-9 

31-4 

Prong 

fNo. 30 . . . . 

27-7 

34-2 

30-7 

• (No. 51 . . . . 

28-7 

32-0 

3:M 
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In assigning values, therefore, in terms of days required to 
time of sowing and transplanting is very important with vai 
flowering is ‘ timely fixed ’ though of less account with those wlios.i 
‘ periodically fixed.’ Further, the variation from season to season, n 
in view, With these limitations, however, the figures obtained for the 
transplanting to flowering and for the total life period in 1925 and 1926 
They at least show a similar relationship heUmn the varieties in the two 

Table X. 

Flowering and ripening period of Sind varieties. 


Days from 
transplant- 
ing to 
flowering 


Days from 
transplant- 
ing to 
ripening 


A. Early varlcties- 
litiil Kangro 
SigUro 


Gaiijro 

Barsati 


SatJiri 


Sindki Ktmht 


Kangni So. 37 


New type Y 
Sada Oidab 


Motiaro 


Jajai 

Cliajrai 

Bengalo 


ranetien 
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Oorrespondiiig iiguref? for a number of foreign varieties as grown, in Sind are given 
in Appendix Y. 

iV. Quality among Sind varieties of rice. 

Quality in rice is related to a number of characters of the grain, of which the 
chief are (1) the size and shape of the grain and kernel, (2) the colour of the kernel, 
(3) the hardness of the kernel, (4) the percentage of hull, (5) the flavour and cooking 
qualities. These wall be dealt with in succession as applied to Sind rice. 

1. Size and sha'pe of iJke grain and kernel. In India rices are bought and 
sold on the character of the grain and a general preference is shown for rice 
wl.iich has a slender grain. All so-called coarse rices have a broad grain, and so 
slenderness is an ess(3ntial for a rice to be counted as fine. As regards the length 
of the grain, opinions differ as to whether a long grain is to be preferred to a short 
grain, but the consensus of opinion is that a long slender grain is a finer rice, and 
so this commands a larger price in the market. 

Graiiam (2) divides grains of rice into four classes ; — 

(1) Long s[)nvelGts,w^hcn the length is more than four 'times the breadth. 

(2) .Fine spikelets, when the lengtli i.s more than three times the breadth. 

(3) Coarse spikelets, when the length is more than twice the breadth. 

(4) Round spikelets, when the lengtli is less than the breadth. 

Classified in this manner some of the Sind varieties stand as follows : — The 
figures indicate the length divided by the breadth. 

(1) Lomj rices, Badkani, (4-14), Prong 65 (4*10) Sighro (4-18), lied Kangro 

(4*12). A. long Konkan rice {Kolawha 79) grown in Sind gave 4-21 
as the proj}ortion between length and breadth. 

(2) fine rices, Bengalo (4-02), Sonaliiri (4-05), Jirashild (3-SG), Clmjrai 

(3-83), Parsad (3-81), Kangni 14 (3-78), Jajai (3-71), Barsati, (3-60), 
Bidri (3*41), Sathi (3*38). A fine Kolamha rice {Kulmnhti 42) growai in 
vSind, gave 3-41 as the proportion between length and breadth. 

(3) Coarse rices Lari (2-09), Torli (2-92). Simlhi Kmnbroo (2-81), Moiiaro 

(2-G9), Pista (2-43), Kangro (2-27). 

Though the ratios just given indicate the fineness or coarseness of the rice, the 
actual lengtli and breadth of the various types is a matter of some importance, and 
the foliowang figures relating to the principal varieties are therefore interesting. 
They relate to the crojis of 1925, but there is little change from year to year 

(a) Long grained rice. (These include those whose length of grain is above 
S’9 nmi.) New Type Z (]0‘2 mm.), Sighro (9*6 mm.), Kangni M 
(9-4 mm.), Sonaliiri (9*3 mm.), Prong 65 (9*2 mm,), Lari (9*1 mm.), 
Barasaii (9*0 mm), Beng(do (9-0 mm.) 

(h) Jiice.s n-i/.h gu' ins oj medium l&ngfh. (Tbo.se include those whose length of 
grain lies between 7-9 and 8-9 mm.) (Jhajrai (8-0 mnu), Sinrlhi Kamhroa 




MKAN UniOAIiTH 01!“ 


VaTl('ty aiul attain. 


Koriio! 


Kangni 43 
Jttjai 48 . 
Prong S6 . 


2. Colour of iJie Jcernel. Tlie Iforiiol colour of rice msiy bo r(i(l or 
the white rices really vary from pale yellowish white to deep yelhnv. 


(8*8 mm.), Ganja (8*7 mm.), Jajai 63 (S-G mm.,), I^idn {8-5 mm.), Parmd 
(8-4 mm.), Bed Kmtjro (8*2 mm.), 8aihri (8-1. mm.). 

(c) Ricea with short grains. (Those ii>chi<l<i those wlio.se h^ngth i.s below 
7*9 mm.) Dadkani (7-8 mm.), Motiaro {7-5 mm.), JirasJmhi (6-9 mm.), 
(5*6 mm.), iumyVo (54 mm.). 

With regard to breadth of gra,in, the varieties may be c]a.s.sifio(l a.s follows, Tlio 
measurement refers to the position of the grain as it lies in tlie table, and repr<isonts 
the maximum breadth. 

(a) Bices with slender grains. (These include those with a grain breadth of 
less than 2 ram.) /ims/ia/i?: (1-8 nun.). 

(h) Bices loith oval grains. (These include tho.se with a grain breadth of 
2 to 2*5 mm.) Bidri, Kangro, Sighro^ Jajai, Barsati, Bathri, Sonahiri, 
Ghajrai, Parsad, Kangni, Prong, Pista, Bcngaln, Red Kangro. 

(c) Bices ivilh flat grains. (These include those with a grain bniadth of 
more than 2*5 mm.) G.anja, Sindhi Kamhrou, Lari, Motiaro, Ganjro, 
Torh. 

It will be noticed from tlie above, and the de.soription of tlio varietie,s given on 
page 118 that nearly all the commercial varieties of Upper Sind, including Kangni, 
the Sngdasi varieties and Safhri are oval grained and hence highly valued for quality 
on the market. The Lower Sind va.Tieties are mostly flat grained, and heiKie are 
valued lower. Exceptions are the Torh, and Motiaro varieties in Upper Sind wliicli 
are flat grained, but are growm for their higli yield. Slender rices are practically 
unknown in Sind, and have little or no market. 

&ize of kernel. The size of tlie kernel that is to say, of the grain after .shelling 
has been usually considered to correspond approximately with the size of the grain 
Graham (2) Copeland (3). This docs not apply in the ca.se of a number of Sind 
rices owing to very considerable variation in the thickness of the husk, Th(‘, 
following figures for pure linos of three varieties of Upper Sind ri(io show this clearly. 


TABLliJ XI. 


Grain and kernel measurements. 
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tlio world's^ (;oiimi(^rce domaiids white rice, other things being equal, white rice is 
always preferred <iven in India. Out of the thirtj-five liliinl varieties described, 
only ton liave red grains, namely Gtmja, Lari, Mntya, Sindhi Kamroo and six new 
types obtained as stray j)lants in the crop. The red grained rices are, in fact, 
usually very coarse and are often found as weeds in cultivated rices. TJioy greatly 
lower tJio value of white rice by their presence. The variety Molya is, however, 
voiy well suited for parboiling. The red colour is superlieial in all the Sind rices, 
and can be removed by proper milling. 

'd. Hardness of the kernel. Eice is described as hard or soft according to the 
ap])oarance of the cut surface of a graui cut across the middle. Grains with a shiny 
translucent surface are termed hard ; those with a dull white a])j)earance are soft. 
The former mill better and stand shipment better tJian the latter, and while the 
latter tend to form a sticky mass when cooked, the foruKu* retain eacJi kernel separate. 
The hard typos are tlieroforc considered to be of much higher quality. 

Tlie rice vaj'ieties of Sind may be classified in respect to tliis character as 
follows: — 

(1) Entirely - All suf/drts a varieties, /"*«?•«< td, lied Kanyro^ Barsali, Pista, 

Jirashahi, Benyah. 

(2) Partially hard — Kanyni, I'orh, Moliaro, llatrya, Kunjro, Chajrai, Biyhru, 

Bidri. 

(3) Soft or O'paquc — Z«n, Ganja, Sindhi Kantbruo, Gtmjro, Safhri. 

4. Penmtuye of husk on the rice grain. The proportion of iiiisk may vary 
with dillerent varieties grown under similar ccjiiditions from little over IS to 
over 22 per cent. The light shelled varieties, giving from 18 to 13-5 per cent, of 
husk at Larkaiia in 1025, are Salhri, Kanyni, Ratrya, Prong, Alotiuro and Siyhro. 
Mediiun shelled types with between 20 and 21 per cent, of Jiusk are Red Kangro, Son- 
ahiri, Sada Gulah, Ganjro, Bidri andJagai. The heavy shelled types, with over 21 
per cent, of husk, arc Dadkmii, Par sad, Ganja, J/rashahi, Torh, Pista, Kunjro and 
Lari. It may be noted that the Konkan Kolamba rices grown at Larkana classed 
as medium shelled types. 

Flat and slender rices appear usually to bo heavy shelled. 

5. Flavour and cooking qualities. The so-called “ Sugdasi ’’ varioti(bs of rice in 
Sind derive their name from the presence of flavour and aroma in the grain and in 
tlic plant, “ Sugand ” meaning flavour in Sindhi. Graliam describes this fragrance 
as a mousc-like smell possessed by the grain and also noticed when the rice is in 
flower in the field. It is usually not appreciated by Europeans, but is licld in high 
esteem throughout India. The Jajai variety is the typical Sugdasi rice, but even 
among types of this variety there is a difference in th is respect, for tlie typo known 
as “ Ghogharo ” grown in tlie village of that name, is said to bo better in this 
respect than any other, and to lose a portion of its fragrance if gmwn elsewhere. 
JMo careful tests on this point have, however, as yet been made. 
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In addition to their flavour and axoina, the varieties hevo gt)od cooking 

qualities, as, for instance,, they are said to swell up on boiling to an <‘.xt<‘,nt (.Imt no 
other rice does. They are also reputed to need less (/hi (elarilied bntt(ir) in (u)okin;j; 
than the coarser types. 

The best known mgdasi rices are Jajai and Promj of Northern. 8ind, hut the 
following varieties are also considered to come within the siajdmi group, 8on<t,hin, 
Sada Guliib, New Type A, and Bengalo. 

V. Flowering and pollination among Sind rices. 

The process of opening the flower and polimation shows considerable variation 
in different places. In Italy, Fariietti (18) reports that the flou'ers are almost 
always cleistogamous and the glumes remain closed throughout. Elsewhere three 
cases have been described, namely, tlie dehiscence of the authors (1) befoni the 
opening of the glumes (2) at the saniti time as the opening of the glumes and (3) 
after they have emerged and are in a pendent position. The first two c.ases ensure 
self-fertilisation : tlie last mabis cro,ss-fcrtilisatio]i possible : all the cases oc.cur 
among Sind rices, thongJi the proportion in which eacJi occiii's vai'ies a good deal 
with, dilferent varieties. For eNam})le, in t'iie Mo/iaro variety {),s grown a,t Larkana 
nearly half the number of spikelets were cleistogamous. 

As regards the opening of the flowers in the various parts of tlui oarhead in Bind, 
the flowers at the tip of the inflorescence are usually the firsi to oj')en, and tlve opening 
coutinues in regular downward succession. This flu-ms tin; geiierfiJ rule. l)ut in some 
cases, flowers in the middle of the ear open fii-st ;uid opening continues botli up- 
ward and downward. 

A close study lias been made of tlio opening of the fltnvers on single eai-laiads in 
a largo number of varieties of rice in two seasmis, and embraces the observation of 
the period (number of days required fur th(> opeuiug of all tin*, flows*, rs on the (eirlueid) 
and also of tlie time of day when the oj/tuihig tsjuk place. Full thitails (d; tln^se 
observations with ten varieties in 11)22, and of twenty-three viirie.tie.s in, ,l!)2l. itrcj 
given in Appendix VI. The general conclusions may be suiumiiriwal here. 

1. As grown at Larkana all varieties o])on tlieir flowers early in the, jiiorning, 
and the proee.ss closes shortly after midday. The actim! y'o rcs.s of flow(;i'in ; in 
ten ve.'ieties taken together in ilj22 is shown in the following ligures I'rom 1 250 
flowers examined. 


Flowers opened be£oj-e 7-30 u.iu. 






Nn. 

itil. 

l’(n' eenl. 

„ 7-30 to 8-30 a.ui. . 






3 

0-2 !• 

„ „ 8-30 to 0-30 a. m. . 






.73 


0-30 to J 0-30 {uni. . 






.’{00 

,3 i -0.2 

„ 10-30 to 11-30 u.m. . 







,70 -OH 

„ „ 11-30 a.m. to 1^-30 p.iii. . 






Ml 

! 1 

Movvei-s did not ojien .... 



. 




2-21 


T 
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Similar figiiras for 23 varieties iix 1924 gave figures as follows : 








No. 

Per c< 

Flowers opened before 7-30 a.m. 






81 

2*5 

„ „ 7-30 to 8-30 a.m. . 






118 

3*7 

„ „ 8-30 to 9-30 a.m. 






210 

6*6 

„ „ 9-30 to 10-30 a.m. . 






332 

10*0 

„ 10-30 to ll-SO a.m. . 






689 

21*5 

« 11-30 a.m. to 12-30 p.m. . 






902 

27*8 

„ „ 12-30 to 1-30 p.m. . 






608 

15*9 

„ „ 1-30 to 2-30 p.m. . 






180 

5*6 

Flowers did not open .... 






130 

4*1 

Abnormal spikelets . . , . . 






25 

0*8 

Rudimentary spikelets . . . . 






8 

0*3 

Cleistogamou.s spikelets . , 






43 

1*3 





Total 

3,226 



The actual range of time varies a little, as would be expected, from season to 
season, according to the climatic conditions of the season, and the different varieties 
vary much among themselves. Thus in the Parmd variety the bulk of the opening 
took place in 1924 before 8-30 a.m. On the other hand, in the Ganjro variety there 
was hardly any opening of the flowers before 10-30 a.m. The time of flowering for 
the whole of the varieties studied in 1922 and 1924 is shown in the graph in Figure 2. 

2. The time of the day at which the rice plant flowers is partly determined by 
the date at which flowering takes place. The early varieties start flowering earlier 
in the morning than the later ones. Thirteen varieties studied in 1924 which flowered 
between b^eptember 8 and October 7 all be.^n flowering at 7-30 a.m. Six va ieties, 
whose flowering took place in the following month (8th to 23rd October) com- 
menced opening the flowers not before 8-30 a.m. The four late types (whose 
flowering occurred between October 29th and November 9th) only began to open 
their flowers at 9-30 a.m. This difference was not purely a matter of temperature, 
as the opening of flowers commenced at a different temperature with the difierent 
varieties. The following figures show this 


Date of ilowcrinsi; 


Hour when ... 
floweri.ig began temperature 


Dadkani . 
Ku7)jro 

JirasJiaJd . 


September 14, 1924 i 
October 17, 1924 . 

October 29, 1924 . 

November 3, 1924 . 


No flowers have been observed to open before daylight. 
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Tlie closing of the lloweriiig on each day again vaihss with Ihn variciy, ])u,t is 
ciirlicr in the case of the early varieties than with the late.r ones. In no easii doi'.s 
flowering continue after 2-30 p.m. ^ 

3. The flowering of a single earliead at Larkatui continue , m for a, peihul of from 
five to eleven days. The actual period observed for ton varieties in 11)22 was from 
five to seven days, and for twinity-threo variethis in lh21 wa,s from Iivm', fo e,le,ven 
claji^s. Tlie progress of flowering during this j)eriod is shown in Figure 3. 
These figures may be compared with those noted by TJjompstone and tSawytvr (20) 
in Burma where the period of flowering ranged from seven to ten days. 

The maximum flowering activity is reached in tlui second and third days of this 
period. There does not seem to bo any relationship between the oarliness or late- 
ness of flowering and the number of days during which flowering continues. 

4. TJic actual course of the opmiing of a flower is similar iu Siud to that which 
has been described elsewhere. The glumes open very gradually and wlieii the limit 
of divergence has been reached, converg(mco commeiiciis at on<! 0 , until the act of 
closing is complete within about an hour, the time varying from 32 to 70 minutes. 

VI. Sterility. 

It would seem that the rices grown in all countries have a c<irtain proj)ortiou of 
the spikclcts in almost every head which never fill, ami whi<;h, in fa(!t, are sbvrile. 
But, in certain seasons, with the same varieties, the number of spikelets which docs 
not produce grain increases very consitlerably and becomes what is usnally consi- 
dered by the people as a vftrita].)le disease. This is tcrmc-d ./v/if^.s- in Bind and the 
term is applied to any condition in which the grain fails to jui abnoj-mal (‘xtent to 
set or to mature ; wholly sterile lieads are rare iu Sind even in a year when is 

prevalent. Tlio corresponding condition is known as brusone in If^dy, j'aUa in, 
Spain, imotsi in Japan, tiem or iim in Cochin China, ijimbo in Burma aud j)erliaps 
as mentek in Java. 

It is obvious that this term includes ste.rilTty due to a numbtu' of diiTcrcut (lauses. 
For instauce, iu every variety studied during the last tliret^ sou, sons, thtu-e ar<^ always 
some spikelets of the earliead, wliicli do not reach full growth. Tliese arc, as a, 
rule, situated iu the lower part of the earliead. They dry up ipiickly uiui drop two 
to three days after emergence. These may be termed “ rudimenlarff ” spikelets. 

Some of the spikelets, however, reach full size, but are incomplete, --one or both 
the reproductive organs being cither absent or iindcvelojied. In many cases tlie 
anthers are shrivelled. They look distinctly white and remain on the car during 
the green stage, but ultimately shrivel up and tlrop. These will l,)o referred t<,> as 
“ afwomar’ spikelets. 

The remaining spikelets are at first apparently normal, and iiossiiss fully (h,^veIo|)cd 
flower parts. As flowering proceeds, however, some of them fail to open their 
glumes and do not set grain. They may be called “ dmkxjamio ” spikelets ; otherKS 
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open their glumes and are fertifeed, but fail to set or mat, ire grain. These are the 
clneffuctous iusteiilityiiitheearljeadand may be called ’’ spikelete. 

Tlie relative importance of these types of sterility in a normal season mav be 
inciicated by tlie number found in ten eadieads of the Kangni variety in 19^?5 These 
were as follows ^ ■ 


Rndmmnlary ’’ and “ Ahmrmal ” siiikelets are only noted in tlie fiijld and they 
soon drop. Counts token for sterility in the laboratory, therefore, exclude these. 

In 1924, a similar series of counts ta.ken in the field witli ten earheads of each of 
twenty-three varieties, gave tlie following mean figures. 


1. “ Rufliinentary ” Kpikoleta 

2. “ Abnormal ” Kpikelets , 

3. “ Oleistogainic ” sjiikclots. 

4. “ Aborted ” sipikelets 

5. Fertile ispikelets 


From these figures it will be seen that aborted spikolets are the chi<d' source of 
the sterility observed in the field. Tliese spikelets are found to contain undeveloped 
grain ; many of theun eotitain double grains both of whi(‘,}i are shrivelled. 

The number of sterile grains fomul after harvest in the various Sind vaihdit^s 
grown side by side at Larkanain 1923 and 1924 has been determined. This excludes, 
of course, the “ rudimentary ” and “ abnormal ” spikelets referred to above, as 
these can only b(j determined during the growth of the plants. The figures given 
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below, however, indicate the proportion of the total spiloiletw fcuiainiu^ on iJu; htsud 
after harvest which do not contain grain. 


L VariGl'm imth low stenUUf pemmlaije. 



Kangani 

Pista 


Smia G'ukih 


Kolmnba Strain 79 


'urietien with wedkmi sterUitf/ 'percGnkigo 


Sonahari 


Bed Kancjro , 
Prong , 
Koliimba Strain 4: 




THADANI AND DtJRGA DUTT 


Ml 


HI. Variel'ies with high sterility percentage. 


■■■■■■■■■■■■ ■ ■ ' . ^ 

1023 

lO^-j 

iiatrya. . , 

Per cent,. 

22*7 

Per cent. 

Lari 

30-3 i 

26-9 

(Jmija ,, . . . 

34-1 

25’4 : 

JirmhaM . 

30-0 

Did not mature. , 


it will bo noted tliat sterility seems to be a varietal cliaractcristic, but that, parti- 
cularly wiiJi the varieti<is of mecliiim sterility, tlie ditrer<jnce from year to year is 
very f^i'i^at. Ibis is iilustrated by the more long continued observations on collec- 
tions of reaped earheads after harvest of the three varieties which have been 
specially studied, namely, Kangni, Jajai and Prong. These have the following 
percentages in five successive years, the figures given being the Mean of all strains. 


Sterility percentage. 


— 

KmKjni 

Jajai 

Prong 







Per cent. 

Per cent. 

Per cent. 

1921, 






15-9 

25-7 

20-4 

1922 






9-1 

17-3 

12-1 

1923 






9-7 

12-9 

13-0 

1924 






13-4 

21-6 

15-8 

1925 






16-7 

171 

20-8 

1920 






IM 

20-3 

23-1 





AVEKAaE 


12-0 

19-6 

17-6 


The cause of these large variations is not yet clear, yet it may be noted that the 
inuudatTon, and hence the watering, in 1922 and 1923 was favourable, and in these 
y(iars the sterility was low. The year 1921 was one of heavy inundation. In 1921 
and 1926 the supply of water was late, but it lasted to the end of the season. The 
year 1925 was the most unfavourable of the series, for the inundation was not only 
late but only lasted for a very limited time. Much of the crop in the District 
was a failure. 

c 2 


In selected pure strains from tlio aljove tliroe varicl.ies (Kay in, Jajai, and 
Prong) tliere was found to be a considerable dinVrcru'iA ni pi'rceiita.iijc. td 
sterility, most marked, however in years of high sterility. Tie' lf»!it.)\ving liguri^s 
illustrate this : — 


Variety iiurS istrum 


!^VrT?rar.iTV le 

ouraiMT.vee 


1923 

192.-1 

192“. 

]92(i 

fNo.27. . 

8-7 

-■ ■ IB-.'S: 

20-9 

10-1 

Kangni . .it 1 





43 - 

0-2 

n-8 

12-f> 

I2'l 

, ' ^ fi!To. 77 . . . 

8-3 

21-2 

19' 1 

19'3 

jajai . .•<( I 

LNo. 43 . . i 

9*G 

21*0 

1.^-2 

21-2 

po. 3C . 

G-9 

]r,-2 

I9'9 

23-0 

Prong , 





kWo. 67 . 

10-0 

12-7 

21-7 

23-2 


Ail attempts so far bave not enabled these diEereiiees between varieties, or 
between the same variety in diherent years, to be connected with either insect or 
fungus attack. Further investigation in this direction is proceeding, hut, in the 
meantime, the evidence regarding possible correlation between the amount of 
sterility and weather, water or soil conditions may ho considered. 

Effect of weaiJicr condifiouii. The records of tiie -past eleven j'oars show tha,t 
excessive sterility (l-his) has been complained of at Jjarkana in six seasons, and 
these seasons were all years in which westerly w-inds occurred at the tiuvi of flowering 
of the late varieties. For instance, in lD2d these winds oGouraul when tho Jajai 
variety was in full bloom. On examination of the stigmatic surfaces in this va,.i.’iciy, 
they appeared very dry, and after excessive sbvrility ^vas iirst noticed, this <iou(li- 
tioii increased in a marked degree, 

Tlie forenoon temperatures during the flowering hours seem to iiave some eifcct 
on the setting of grain. Thus tho .morning tenijwratui'es in >S(t})f{Hnber in the year 
1024 were much lf»wor than in the preceding two y(iars, and tin? sttuility w'!i,s also 
much greater in that 5 ’'ear. It may bo iiotcel, here that in. Italy, wiajre hnntona o,r 
sterility is a serious matter, Averna-^Sacca (10) iias found, ovitleiico that it. is primarily 
due to sudden and repeated changes of temperature. 

Effect of waier conditions. Late varieties for which the water j)artial!y hiils in 
the latter part of the season show a very high, percentage of sterility. lAir instaiaa^, 

Jimshalii variety in a favourable inundation season, sliowfui n sierility pertamfage 
{determined oii the dried eaiheads) of 30 ; in a, year wJum tlie late waler failed, it 
gave a sterility ]>ercontag(3 of 85. Similarly a late varieiy from BemgaJ grtv'e 25 jnu’ 
cent, and 57 per cent, of sterility respectively utidtu; conditions (if normal WiU(n‘ing 






m%u 
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and failure of tke kie watering. Under the latter conditions, tlie dryness of the 
stigniatio surface is very marked. 

In years of very high floods, sterility has also been found to be con.si<lorable. 
Under very moist aimospireric conditions, it has been noticed that the pollen grains 
are liable to burst prematurely, and this may, in part, be the cause of the efleot 
noticed in years of high flooding. 

E^cct of soil conditions. In highly manmed soils, it is well known that rice may 
not flower, but simply form excessive vegetative growth. In one instance, it was 
noticed in addition that the few earheads formed under these conditions had a high 
percentage of sterility. On the other hand, in very poor soils ^vhere the growth is 
stunted and the earheads small, the percentage of sterility is high. 

.Effect of other conditions. Earheads which are covered with muslin bags, in 
breeding work, always have a much larger percentage of sterility than ' earheads 
formed in the 0]3en in tlie same plot. Tims, in three selcct(3d varieties, the follow- 
.ing figures were obtained from a consideration of over five hundred heads in each 
■case. 


Bterility. 


■■ .■ — 

In t)pon 
earheads 
per eenli. 

111 covered 
earlicadfJ 
per cent. 

Incroiwo duo to 
c'overiii" 
per eeui). 

Kangni . . . 

7-6 

2o'4 

17-9 

Jujui . ... 

12-8 

44-0 

31-2 

Prong , ■ . . . . . j 

14-4 


49-1 


This will, in a small measure, probably be due to the prevention of cross-fertilisa- 
tion, but it is obvious that other causes are at work which have not yet been entirely 
ascertained. 


Vll. Selection and breeding in Sind rices. 

Work on improvement of Sind rices has now continued since tlie year 1922. It 
was necessary in the first instance to obtain pure strains of several of the most 
valuable and widely used varieties and for this purpose attention has been concen- 
trated on three of them. These are ; — 

ia) Kmujni. An early prolific variety, giving a grain of medium, rather 
coarse quality, which is suited for cultivation on high lands, 
and which is used for export after parboiling. Tlu) bulk of the 
crop in the Larkana District is of this type. 

(?j) Jajm, A variety later than Kangni, hut still moderately early. It is 
not prolific, but has fine and scented grain. It needs good soil on 
a fairly high level, 
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(«) Vrowj. A late prolific, variety, giving a n.iul se<nit(ul grsuri, noi, 
liowever equal to Jajai in qua,lity. It uujuin^H low lying soil. 

The actual technique adopted in the work to ho rc', corded \v;is as follows : — 

(11 Nursery. A fortnight before transplanting, the seed is sown in secfl 
beds ten feet square which are cither, manured with. siil]jlm,t.(^ of 
ammonia, or treated by the “ rub ” nietliod. The sc^eds a.ro sown in 
rows, jfiaced one inch apart each way, using a perfora.t(Ml (’,n,rdl)Oiird 
for the purpose. The seeds arc not buried, but merely cov(n-e(l with, 
ashes, Water is applied with a spray till tlie seedlings have rooted 
themselves, after which irrigation water is allowed to flow into the 
beds. 

(2) TmfispUnting. This is best done in June, but when the river inimdation 
is late it may he delayed by a month or evc.n more. tSiiighi s(Hnllings 
are transplanted nine inches apart in rows, wddeh ar<5 th.ems{dv(^s 
twelve inches apart. This spacing has been .found cnoiigli for normal 
development and gives room for worlcitig without/ injury to the ]flani-s. 
The rows as a rule, run at riglit angles to tlie water cliannels, and 
are about one hundred feet long. The border rows are rejected in 
any determination of the yield. The plots used are usually one fortieth 
of an acre and are replicated several times. 

When three replications are taken, the probable error in the yield of selected 
strains of each of the three varieties studied was as follows in 11)211 ; — 

Kcmgni. From 3’ 1 to 12*3 per cent. Mean 6-2 per cent. 

Jajui. From 1 ‘8 to 9*0 per cent. Mean 6*8 per cent. 

Prong. From. 6*0 to 14*2 per cent. Mean 8'() per cent. 

In 1924, seven or eight replications were taken of each strain and then the probable 
error of the yield figures was as follows :■ — 

Kangni. From 2*4 to 3*4 per cent. Mean 2*9 per cent. 

Jajai. From 0*7 to 3-1 per cent. , Mean 2*2 per cent. 

Prong. From 1*9 to 4-6 per cent. Mean 3*5 per cent. 

The extent to which selection can profitably be a])plied to maintain valuaWe 
characteristics of a plant is determined by the extent to which the characteristics 
result from innate and hence hereditary, causes, and to what extent they are modi- 
fied or determined by the environment. It is first necessary, tliereforc, to take 
the seed of each pure strain, or at any rate of one pure strain in (\aoli variety, ami 
see how the characters vary from plant to plant in podigujo cultuuj. This has beou 
done, in 1925-26, for one strain of hangni (No. 27), one of the Jajai {N(». 77), and one 
of Prong (No. 36) and the following tables show tlie variation which occurs, nmh;r 
these circumstances, in the several characters, 



Coeffieient 
Modal valiio of variation 
per cent. 


Characters 


Mean value 


1. Days up to flowering 

2, Days up to ripening . . . , 

3. ‘Length of 20 husked grains 

4, Breadth of 20 husked grains 

f>. Numher of grains per gram of paddy 
0, Percentage of husk in paddy 

7. Number of spikelets per earhead 

8. Number of fertile spikelets per earhead 

9. Poroentago of sterile spikelets per earhead 

10, Number of tillers per plant (paddy) 

11. Yield (paddy) of single plant in grams 


78-6 days 
101-7 days 


40-0— 43-9 


15-CO 


116-4 


Modal value 


Mcfin value 


147-4 


Table XIII. 

Biaiistiml constants for Jajai rice^ Strain 77. 


Table XIT. 

Statistical constants for Kangni rice, Stram 27. 


Chai’actors 


1. Days up to flowering . . . , 

2. Days up to lipening ... 

3. ].ength of 20 buslcod grains in centimetre. 

4. Breadth of 20 husked gi'ains in centimetre. 

6. Numhor of grains per gram of paddy 

0. Percentage of huslr in paddy . . 

7. Numher of .spikc'lets per c.arhoad 

8. Number of fertile spikidots per earhead 

9. Ih-rcentage of sterile s])ik(d(4,s per earhead 

10. Numher of tillers per plant . . , 

] 1 . Yield (Paddjd of single jilant in grams 


Coefficient 
of variation 
per cent. 

2-3 

1-3 

4-3 

8-3 

20- 9 

21 - .8 
31-5 
69-3 

43- 9 

44- f3 


Table X[V. 


SMisticid constants for Prong rice, Strain 


Chai'fictors 

Mean value 

Modal value 

of vanaiioa 
p(U' eejit. 

1. Days up to flowering . . . . 

914 

80—94 

3-lG 

2. Days up to ripening . , , . . . 

1224 

121—123 

2-10 

3. Length of 20 husked grains in cm. . 

14-3 

I4.n.-.14.7 

2-7 

4. Breadth of 20 husked grains in cm. . 

4-2 

4-2 

3-8 

5. Number of grains per gram of paddy 

40-3 

30—1:3 

74 

6. Poroentfigo of husk in paddy . . . 

20-1 

10—22 

i 

10-1 

7. Number of spikolets yot carhead 

109-0 

111—130 

28-3 

8. Number of fertile spikelcts per eaidh.'ad 

89-2 

72—97 

27-9 

9. Peroeatago of sterile spikelets per carhoiid 

19-9 

10—20 

5S-7 

10. Number of tillers per plant . . . . 

20-1 

19—20 

43-2 

11. Yield of single plant in grm. .... 

3G-1 

28—38 

40-4 


The results obtained in each of the pure strains examined, tlioiigh belonging to 
three different varieties, indicate that the period of growth, size of grain and weiglit 
of grain are fairly constant when the plants are grown together. Tli,e other charac- 
ters are subject to very great variation, and depend very nuicli on the particular 
environnient of each plant. 

But apart from these variations between plants of the same strain in pedigree 
culture, it has long been evident that each variety consists of a large number of 
strains of very different value. Attention .was called to apparent changes in the 
character of the crop grown on the same field by Ishaq (11) and his observations 
can be easily explained by the originally mixed character of the variety which has 
been evident throughout the present investigation. In 1921 before tlie writer took 
over the control of these investigations one hundred heads had been selected in each 
of the tliree varieties under study, and those were grown in lino culture in 1922. A 
number of the lines so obtained were rejected as weak or late, and thojrest were 
harvested. The yielding capacity of the strains varied greatly, and the thirty 
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best yieiders were kept for the further trial. The actual variation in yield per plant 
in each variety was as follows 

Table XV. 


Variation of yield, in strains of rice varieties. 


Variet-j’ 

Number 

of 

strains 

Higbesfc and 
lowest yield 
p(Ar plant 

Average 
yield per 
plant 

Kangni . . . . . . 

89 

grm. 

14 to 5-1 

grm. 

24 

Jajai . . . . , . . . 

61 

1-3 to 4-5 

2-0 

Prong . . . . . . . 

■ 1 

88 ^ 

i 

14 to 6-9 

2-8 


In the following year the thirty selected strains were sorted out, and finally 
only five of the strains of each variety were kept for study and multiplication. 
These were found to retain their high yielding character from generation to genera- 
tion, but were still further reduced for convenience of multiplication in 1925 to 
three strains of Kangni (Nos. 27, 43 and 25), two strains of Jajai (Nos. 77 and 43) 
and two strains of Prong (Nos. 36 and 67). Tested in six or seven replications in 
that year (1925) and compared with the crop from unselected seed of the same 
variety, the following results were obtained. 


Table XVI. 

Increase of yield in selected strains of rice. 


Variety 


Increased yield 
over unsolected 
seed 

Remarks 


strain 

Per cent. 


1 

^No. 27 . . . 

19-1 

All replications (0) agreed. 

Kangni . . .-<1 

|No. 43 . . 

28-2 

» » (7) „ 

1 

^No. 25 ... 

31-7 

„ (6) » 

1 

rNo. 77 ... 

14-0 

Six out of seven replications 
agreed. 

Jajai . . . . •< 

1 

1 




No. 43 , . . 

274 

Five out of seven replica- 
tions agreed. 


fNo. 36 . . . 

32-2 

All reirlications (6) agreed. 

Prong . . . 

> 




hNo. 51 

24-9 

.» (7) 




148 


STUDIES ON RICE IN SIND, PART I 


Tlio actual yields per acre obtained from these strains in thr('<‘ snfci'ssi^’c years 
ill field sca,]e trials may be of interest. 

tablexvh. 

Yicild of selected strums of rice per (here. 


— 1 

1624 

lit26 

1026 

M'iiximniu 

(■No. 27 . . , . .. . i 

lb. 

1,200 

lb. 

1.4S3 

Ib. 

1,370 

lb. 

2,422 

Kmgni 

fNo. 4-3 . . ... 

1,672 

1,4S8 

1,406 

1,622 

fNo. 77 . . . . . . j 

1,626 

1,421 

l,2S6 

1,660 

Jajai . 1 

fNo. 43 ...... 1 


],64S 

1,703 ; 

1,076 

rNo. 36 

1,2S.S 

1,576 

1,406 ' 

J.62S 

Prom] . .< 

[No. 61 

1,320 

1,320 

1,012 ! 

i 

1,320 

L__ 


The strains described have retained their special yielding charatder when grown 
on a large scale by fanners, and they are now established in cultivation. 

The selected strains of each variety, having been selected for yield, tlo not show 
any large dift’ereiico in time of ripening among tlmmselves. 

VlII. Acclimatisation of exotic rices. 

While all the effects at improvement of rices for cultivation in tSind ]ia,vo concent- 
rated on selection from the best of the local types, and especially on those suitable 
for cultivation in Upper Sind, the possibility of obtaining from abroail or from 
the other parts of India types of rice which could rejilace sonic of those now grown 
has not been neglected. In the course of this inquiry, an a])parently indigenous 
type of rice, named Bemjalo was discovered in cultivation, whose name proclaims its 
ultimate derivation from Bengal which is of some interest in this commotion, as 
showing how some, at least of exotic rices, have already acclimatised fJicinselves. 

This Bengalo rice was foimd in oidtivatioii at T\iudo Ghulain Hyder in Lower 
Sind, and proved to he the best type in Sind for quality, having a long fine grain 
and a thin shell and tight husk. It is also highly scented, and has been valued at 
a higher price in the market than the Jajm-Smjdasi, which has the highest rejaita- 
tion among the scented Sind varieties. It ripens along with the latt.i'.r, anti in 
1926 has given (in six replications) sLx per cent, higher yield. The existence of such 
a type has been hitherto unsuspected, but it indicates the possibilities of accJiinatisa- 
tion even under conditions so widely different as Bengal and Sind. 

Apart from the above case, the efforts at introducing suitable varietiivs for Sind 
from, outside have not been very promising, but details regarding the, in may be 
■given. . ■ •■■' .. ■*. . ■ 
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Jafan ncos. Seeds of the following Ja.pan varieties have been tried under 
lJ])])er Sind conditions : — Aiohohn, Kamino Shirntma, Oba, Myul'oe, Okaira-.^lu'mijasi, 
fSlnnm/a, Omuchi, Maijalnm and BeMlori. All of these are dwarf i]i habit of growth, 
hardly attaining a liciglit of cngliteen inches. Two of the varieties, namely Kamvno 
and Oba flowered in twenty-eight days after transplanting, but none of thean matiu’ed 
grain. They were largely affected by the disease known -as Solerotdal disease 
caused by the fungus Bdtrolium oripae. 

Rices from the Gentml Proninces (India) : — Nine varieties were tried under 
Upper Sind conditions, sent under the following names : — Kariasela, Khuraban, 
Kanfa Baila, Bhadaui-Bhandi, Tihoot Bohira, Bliat MaOiura, Bhat Gimnatiaf Bliat 
Pwralari, Karia-Bohiri. All of them were coarse grained, and have no characters 
which make them specially suitable for Sind. 

A ssami rices. No loss than sixteen varieties from Assam wore grown in. Upper 
Sind. Most of them were high tillering and three of the varieties were specially 
interesting in this respect. These wer<3 (1.) Basmaii, (2) Basant Baliar (A. S. 224) (3) 
Ti'pidumia Basant Bahar (A. S. 224) is a very fine rice, and this combined with 
high tillering capacity indicates possible high, value. Tipidamin is perhaps the 
mosf higlily tillering rice we have got, though it is oarlj;^ and has a coarse red 
grain. 

Banijal Rices. The following rices from Bengal (Dacca.) have been studied in 
U].)])er Sind : — Suraj MuJdif Katah Tara, Jasa-fwuZvM/?., Dudsar, Indrasail, Dadhmi. 

The last of those (Dadkani) is not a now introduction as it has been grown in 
Upper Sind for a number of years. It is a late Viiricty and does not appeal' to be 
whlely adaptable. It ha.s, however, a very^line grain and is popular, — though, the 
grfiin is not suited for parboiling. It has been compa,red with Prowj, and Jajai iu 
three successive yoarvS, as to time required for maturity and the yield per plant. 
The tests were made in eight replications in each case. 

Table XVIIL 


Comparative chamefers of Dadhmi and Prony rice in Sind. 





Proncf 

— 

_ 

Dadkani Rice 

(No. C5 or 90 




Rice 

1. Days uoodecl t(^ matm’o — 


Days 

Days 

1924 .... 


129 

194 

.1.925 . 


ISO 

190 

192() . . 

.... 

129 

194 

1 

2. V'iold jHir - 


tirui. 

CJriri. 

1924 . ... 


2M 

17-0 

1925 . . . . 


15-2 

14-0 

]92(i . . . . 


10-9 

18'7 


AVREAGlil 

17*5 

10-8 
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Table XIX. 

Comqiamtive cliamct&rs of Dmlhani and, Jajai rieo in 



It will thus be seen that this imported type {Dadkmi) from Bengal has given at 
least equal yields at Larkana to those given by the other high quality scented ricea 
of Upper Sind. On continued growth it has, however, boon found by growers to 
be delicate and to be more susceptible,, to the leaf spot (// chmnthoapormm) disease, 
which has done so much damage in Upper Sind in recent years, anil particularly 
in 1926. 

Out of the other five Bengal rices mentioned above Saraj Mnhhi and Kaiak 
Tara proved to be early when grown at Larkana, while the others wore exti-aordin- 
arily late. Dudsar ripened twenty six days later than Jajid, but gave 59 p(U‘ cent, 
higher yield. IndrasaU ripened forbyone days later than Jajai, and gave 10 per 
cent, lower yield than the latter. These yields were taken in eight replications 
in 1926. These very late rices are, however, of little use in Sind owing to the 
failure of the water supply and to the liability to very great cold and even fro.st 
in December. 

Bices from the Konkm. There have been worked out in recent years at Karjat 
in the Konkan a number of pure strains of the very valuable fine Kolamha rice, and 
several of these have been tested at Larkana (Upper Sind). Those Kolamha rices 
have very small grains, and are valued higher than the local non-scented varieties, 
though they are not suited for parboiling. Trials with replication show that none 
of them yields more highly than the local selections from Kmujni rice, wliilo some 
of them (Kolamha No. 79 in particular) seem to be specially susceptible to tin*, 
leaf spot (H elminiJiospormn) disease, 
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AmmBix IT, 


Lengtli of earliead and number of branches per earhead in Sind rice varietiesj 

1923. 


JirashnJii 


Knnjro 

Ganjro 


lid Kmujro 


Satliri 


Sonaliir 


Sada Chdah 
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APPENDIX in. 


Number of spilcelets per earhead in Sind rice varieties, 1923. 


.VfM'iety 

Number of 
earlieads 
examined 

Mean Number 
of spikclets 
per carbead 

f^ri . . 

106 

92-3 

Ne-vv Type B. . . . . , . . 

161 

91-2 

. . . . , 

205 

9P7 

tiuntthifi . . 

180 

QfrS 

Gmm 

102 

9U-0 

Ikitnja 

110 

102-5 

Pronrj i . . 

480 

104-6 

Hal Kawjro 

147 

106-3 

New Type A • 

185 

109-3 

HmluHtukib . . . . 

147 

1 10-(> 

• ... . . . . . 

479 . j 

142-3 

Torh ... 

103 

145-3 

amjm . . . ... . . . ■ . 


146-f, 

Fumid . . . . . 

116 

150-0 

Saihri 

176 

15S-5 

Kangni ... . 

448 

162-7 

liUlH . . 

182 

163-9 

Moliam . . . . 

155 

196-1 

Fidu . , . , . . . , . ^ 

144 

205-8 

Hunjru 

179 

253.6 

ilinwhatii ... . . . 

115 

303-1 
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APPENDIX IV. 

Yield of single plants (spaced 12 by 9 inches). 


V^aricty 


2 New typo Y 
5 Sada Gula1> 
0 EedKangro 
12 Sonahlrl. 

I 15 Ganja 
18 Bldrl 
22 JirashaLi 
25 Slghro 
28 New Type B 
31 Bengal rice 


35-94 3 Mot.iaro 

80-61 C Diulkanl 
27-78 10 Early Karjat 

25-28 13 Ganjro , 


21-77 19 Batrya . . 

19‘73 23 aindlii Ifainbroo 


■fiarautl 


2 Kolumba 184 
6 Nolumba 42 


35-60 I 8 Kolumba 79 


Dudsar 


27-32 ■ 3 Josliabalam 

17-23 « Katali Tara 


4 Dadkani 


Surajinukhi 


7 Bengal lice 
Assam rim, 19i 
1 Tipidumia 
4 NagraSail . 

7 George Sail 
10 India Sail » 


2 Basniati 


33-11 3 Baaant Bahai- A. S. 

234 

2(5-08 G JCartak Sail • . 


8 Jtaakadnin 


U IlaraRlmiiirtl 


11 TulBlJoha 


13 Basaiit Bahar 233 


14 Kasalath 


Central Provinm 
J92J, 

1 Khuruban . 


2 Bhat GTirniatin 
5 EurkaSela 
8 Blinfc Mathura 


4 Karla boliiri 
7 Bliadiin bhimdi 

Deep water Dacca rice 
1923. 

1 SechaAman 

Japan rim, 1923. 

I SWranki 


3 Nariuiul; 


2 Omachi 


Shirataina 


6 Kamlno 


1-92 6 Magatniua 

0-90 9 Aiokoku 


7 Oba . 
10 Myakii 


8 Okwasliiragasi 


Variety 

per plant 
in grm. 

Shid rices in 1024, 


1 Toi-b 

.38-32 

4 Kunjro . . 

SO-73 

8 Bengalo i . 

28-80 

11 Plata . . . 

25-28 

14 Satlirl . 

23-47 

17 New Type Z. 

22-22 

21 New Type X. 

20-18 

24 Cliajral 

18-14 

27 New Typo A. 

17-01 

30 New Type Za. 

13-72 

Ronlcan rices, 1925, 


1 Kolumba 241 

40-14 

4 Kolumba 153 

20-89 
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APPENDIX V. 

Flowering and ripening periods of foreign varieties of 

1925-26. 


rice as grown in Sind in 


Kolamha atmins. 


Kolambf 


imam varieties. 


Easanl Bahar AS 224 
Tijnclumia . 

Kasa Latha 


Kaskacliim 


Barashinurti 


Tulsi Joha 


Basmati 


Days to 
flower from 
trausplaating 

Interval from 
flowering to 
maturity 

B9 

26 

' 05 

32 

70 

45 

84 

31 

8!) 

34 

08 

33 

07 

34 

80 

40 

100 

34 

95 

39 

110 

32 

02 

27 

01 

34 

6(5 

36 

65 

37 

04 

38 

74 

30 

71 

41 

88 

33 

88 

34 

83 

39 

94 

40 

98 

36 

100 

38 

106 

35 
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APPENDIX N—cont4. 


Variety 


A .ssam vnrietic'f. 


Indra Sail 


BacWia blio< 


Central Provinces varidm. 


Karia Sola 


Klmraljan 


Kanta Sola (Early) 


Bliaduii lihiindi 


Khiit Boira 


Bhat Mathura 


Bhat garmatia 


Bhat Pandri 


Karia bohiri 


Deep water Dacca rii 


Karenda 


Sacha ainan 


Joyana 


Japtan varietiQS. 


Okwashiragasi 

Shiraiiki 


Magatma 


Aiokoku 


Sliiratma 


Myakoo 
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APPENDIX VI. 
Part I. 


Time ©f tlie day whess opening of iBoweirs tafees place. 


Viivioty 


Ni'-mheii oe i’loweks opened on 

ONE B.AKnEAD 


Unopened 

and 

abnormal 

TOTAIj 

7-80 

S-SO 

9-30 

10-30 

11-30 

12-30 

1-30 

2-30 












1. Kfliif;iii . 

0 

0 

10 

46 

87 

13 

0 

0 

.. 2 

X58 

2. .liijai 

0 

0 

9 

62 

72 

13 

0 

0 


161 

8. ProiiK . 

0 

0 

0 

40 

59 

16 

0 

0 

4 

131 

4. Sat'hri . 

0 

0 


21 

73 

20 

0 

0 

2 

123 

5. Si«liro . 

0 

0 

0 

'16 

29 

4 

0 

0 

2 ■ 


i). Sfinahiri 

0 

0 

4 


51 

17 

0 

0 

a 

138 

7. Suda Gulab . 

0 

0 

0 

34 

57 

24 

0 

0 

3 

118 

8, Torh . 

0 

0 


83 

104 

21 

0 

0 

4 

164 

9, Ganjro . 

0 

2 

0 

10 

54 

7 

0 

0 

2 

75 

10. Bidri . 

0 

1 

» 

30 

40 

6 

0 

0 

1 

92 

Totai. 

0 

3 

58 

399 

620 

141 

0 

0 

28 

1,250 

PEUCENTAail . 

0 

0'24 

4-24 

31 92 

50-08 

11-28 

0 

0 

2-24 

100 

im. 









, 


1, Diidkaiii 

OJ 

I'O 

8-1 

0-0 

36-6 

37-4 

15-1 

6-5 

9-0 

119-6 

SJ. Motiaro . 

0 

1-4 

5-2 

6-7 

3-2 

5-7 

11-3 

1-3 

47-4 

82-2 

8. Liir! 

0 

0-1 

2-8 

4*0 

10-3 

49-2 

39-3 

19-4 

i 3-3 

134-3 

4. Oaiija . 

0 

1'2 

5-8 

5-vS 

14-2 

38-3 

35-5 

35-6 

.5-8 

142-2 

5. Knnfiiii • 

0 

0-5 

1-5 

3-5 

0-9 

33-5 

80-5 

20-3 

C-1 

111-8 

ti. ICunjro . 

0 

0-4 

4-7 

8-0 

27-7 

72-4 

28-9 

4-1 

3-7 

130-5 

7. Kolubii 42 

0 

0 

4-3 

13-0 

30-9 

03-6 

'48-.5 

16-7 

13,5 

190-5 

8, IMsta . 

0 

0 

0-0 

20-1 

43-:i 

73-3 

.36-2 

9-8 

11-6 

200-1 

0. .Tirawliiilii 

0 

0 

11-2 

30-1 

-15-2 

73-0 

85-5 

47-3 

10-3 

301-6 

10, Bengal rice . 

0 

0-1 

6-3 

13-9 

1*7-0 

270 

30-8 

19-4 

5-5 

125-6 

11. Kiglivo . 

Of) 

8>7 

5-6 

9-8 

43-2 

67-3 

11-1 

0 

5-2 

151-4 

13. .Hidri . 

2-7 

5-2 

8-.1 

21-0 

56-8 

39-5 

30 

0 

4-8 

14 1-9 

18, Ganjro . 

0'3 

0-0 

5-1 

0-5 

30-6 

51-6 

7-1 

0 

5 7 

107-4 

14. Sathri . 

2'2 

7-2 

12-5 

19-4 

42-0 

0-9 

1-3 

0 

8 3 

102-8 

15. New typo A, . 

IS 

KbO 

13-2 

19-9 

34-0 

11-6 

1-1 

0 

4-3 

118-7 

10, Red Kiingro . 

11-0 

10'4 

15-8 

19-0 

22-i» 

10- 1 

1-1 

0 

3-2 

93-5 

17. Kolumba 70 . 

5-7 

12-2 

23-4 

39-S 

94-0 

81-0 

18-0 

0 

28-3 

302-4 

16, Parsad . 

26'3 

20'0 

1 2S-1 

13-3 

17-7 

25-2 

11-1 

0 

11-6 

107 0 

10. Sonabiri 

2-6 

2’0 

.5-0 

15-9 

38-6 

•44-1 ‘ 

12-5 

0 

11-1 

132-4 

£0. fiada CUihib . 

4' 8 

90 

10-8 

14-9 

16-4 

25-0 

22-4 

0 

■ ® 

103-4' 

21, Torb 

2-5 

fl'2 

11-3 

12-8 

12-5 

21-6 

19-1 

0 

i ■ ^ 

80r0- 

22. Brong • 

0-5 

1-1 

8-2 

1.5-2 

18-1 

18-0 

9-5 

0 

' 7-7 

87'a 

28. d ajal . . 

2'1 

2-3 

8-8 

10-3 

17-6 

24-8 

17-5 

1 0 

j o 

82-4. 

Totai, . 

SO-S 

117-8 

200-0 

332-5 

689-1 

902-0 

508-3 

lSO-4 

1 206-4 

3,226-0 

l'EUOiiJ!5'A(iI3 . 

2-.'. 

3-7 

0-0 

100 

21-5 

27-8 

15-9 

5-6 


100 
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APPENDIX n-~co7itd; 


Period of flowering of a single earliead. 


1. .'Eangni . 

2. Jajai 

3. Sathri 

4. Sigliro . ; 
6. Ganjro . 

6. BMri . 

7. Trong . 

8. Sonaliiri 

0. Sada Giilab 
10. Torh . 


192d Early varie- 
ties. 

1. New Tyjie A, . 

2, Sighro . 

3, Bjldrl . 

4. Ganjro . 

5, Sathri . 

6, Red ICangro . 

7. Pi3ta , 

8. Kolumba strain 


9. Parsed . 

10. Sonaliiri 

11. Jajai 

12. Jirashahi 

18 . ICohimba strain 






TOIAXi 


192!l Late mrie- 
tiea. 


a4, Sada Gulab 


16. Motiaro 


17. Dadkaiii 

18. Kunjro . 

19. Prong , 

20. Kangui . 

21. Lari 

■28. Ganja . 
28, Bangal lUco 


Totat, 


59li-9 
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APPENDIX Yl^ncld. 

Part II — concld. 

Period of flowering of a single earhead. 
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VAEIABILTTY TN CERTAIN ECONOMIC CHARACTERS, PARTI- 
CULARLY IN SEED WEIGHT AND WEIGHT OE LINT PER 
SEED, IN PURE STRAINS OP BROACH DBSHI COTTON. 

BY 

MAGANLAL L. PATEL, M.Ag., 

Cotton Breeder, South Gujarat, 

AND ■ 

HAROLD H. MANN, D.Sc, 

Director of Agriculture, Bombay Presidency. 

(Received for publication on 22nd August 1927. ) 

I, General considerations. 

The senior author’s former Memoirs on Gujarat cotton ^ have described the 
isolation and the characters of some of the more important and characteristic strains 
of three of the principal varieties of Gossypium herhaceum cultivated in Gujarat 
and also discussed the heredity of certain important characters of these cottons. 
The present paper deals with certain aspects of the variability of economic characters 
and particularly seed-weight and lint-weight per seed, within pure strains of Broach- 
deshi cotton, whether in relation to the season of growth, to the rapidity of ripening, 
to the })Osition of the plant on which the bolls are formed, or to certain other environ- 
mental factors. The matter is important, because the relationship of the seed-weight 
to the lint-weight is essentially the ginning percentage, one of the most important 
factors in determining the value of a type of cotton for cultivation. This ginning 
percentage, or the percentage of the weight of lint on the seeds, to the whole weight 
of the lint and seeds together (i.c., the weight of the seed-cotton) is almost obviously, 
a composite factor, and the present study is an attempt to reduce to simpler terms 
the conception, and to relate its variations to the elements of which these are com- 
posed, namely, the variations of the seed-weight and the lint-weight. By using pure 
strains, maintained in pure line for several generations, the efect of hereditary 
variations can be eliminated, and that of environmental conditions separately 
considered. 

It has been stated above that the ginning percentage is almost certainly a com- 
posite factor. As determined in practice, it is not only composite but is, as a rule, 
v(.U’y inaccurate as usually given, for the figure generally obtained for any type of 
cotton is secured by actually ginning a known weight of seed-cotton {kapas) and 
measuring the lint obtained, or in small samples, by weighing seed and lint separately. 
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The figare thus secured is affected by certain factors of which ai-count is not by 
any means always taken. Three of these neglected factors may Ix'. here* mt'nt.ioiied. 

The fir,st inaccuracy is caused by the presence', of ('.xti:aii(K)ns inatca’ial in the' 
seed-cotton, of which the most common consists of broken up dried h^fives a,nd Irag- 
ments of broken bolls. Most of this will appear in the lint, an<l Inaict'. will tend to 
give a high value to the proportion of lint, or in other words, to the ginning •j »e.rc(‘ntag(‘.. 
Most figures given as the result of field trials are somewliat high on this a<,‘.c.ount. 
It can be avoided, however, if sufficient care is taken in picking. 

The second and most important inaccuracy results from the presence of seeds 
damaged by bollworms, which are liable to be crushed or broken up during ginning. 
This will also tend to give a high figure for the ginning percentage, as some bits from 
the crushed seed will almost inevitably get into the lint. Further, any attack of 
this sort on the seed will almost certainly tend to lighten it, and .so again give too 
high a figure for the ginning percentage. In the case of attack }>y the spottexi Ixfib 
worm {Earias sp.) it can bo avoided, as bolls .attacked by this ])est can always bo 
detected. But where the damage is caused by ilie pink bollworm {GekvJiia (joasy- 
fieUa), as no outward sign is visible unless each cell of every boll is careinlly (^xatuin- 
ed after spreading out the mcA-cotton (kapiu), it is much more dilfic.ult to eliminate. 

The third inaccuracy is still more universal, and more difficult to avoid. It 
is caused by the presence of so-called specks in the lint. These consist einher of 
ovules unfertilized but sometimes developing very short hairs, or arc caused by the 
presence of dead and undeveloped seeds. Both of these types of spe{3ks often pass 
off in the lint after being crushed, and so increase the ginning percentage of a type 
of cotton or of the cotton from a series of plants. The extent to whitffi this last 
factor influences the recorded ginning percentage, and tlie recorded lint in<j«3x 
(weight of lint per one hundred seeds in grammes) in the ])rodnce of a. series of purci 
strains of Broacli-desld cotton is shown in the follo\ying Table, 


Table I. 

Effect of removal of specks in decreasing yinning percentage and lint index in the prodnee 
of a single plant. 


Strain 

DKORHASK op (UNNrNG 
PEHCHNTAaH 

DiOCRBASK op lANT INOl'iX 

Least 

Oreate.st 

Leant 

(IrealCNt 





Per cent. 

Per cent. 

Orni, 

ririn. 

1. 1027 A. L. F. 




0-04' 

0-8S 

0-0! 

0‘2(i 

2. B.-1 . , . 




()-02 

a-m 

O'Ol 

(•07 

.3. I-A Long Boll . 




O-OO 

O-Gl 

0-0(l 

04)1 

4. Soloctioii ir (Surat) 




0-07 

L08 

()■()() 

i <)-:js 

5. Selection 11 (Broach) . 




[ 0-12 ■■ 

0*G2 

0-(Kl 

i U-07 

G. I-A (lylindrical Boll 




0-07 

1 0'4(i 

(t-Ul 

oos 
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The eilcct is very variable, as will be seen. Usually it will not be serial] s, but 
it may be very important as in the case of strain B-I or of Selection II grown at 
Surat. V . 

Apart from these inaccuracitis, the ginning percentage is composite, as it is really 
the ratio of two factors, each of which may vary independently of the other. These 
two factors are the weight of the seed and the weight of the lint on the seed. In 
some cases, as for instance in the types studied by Kottur ^ in crossing a strain of 
(joftsypiitm ne.fjjcctimi with a strain of Gossypium herhaceum where the seed-weight 
is similar in both the parents, the ginning percentage may be taken as a single factor. 
But this will by no means always be the case, though -one of the authors ^ has shown 
in a previous Memoir that there is a significant but not very close correlation between 
the weight of seed and lint in his pure strains of cotton. It is obvious; 

therefore, that the variability of these two factors, and their correlations under vary- 
ing conditions of occurrence and environment must be separately studied before we 
consider the ginning percentage as a figure which may be used with confidence as 
characteristic of a strain, of cotton. 

This is all the cle,arcr when it is considered that the weight of lint per (;otton seed 
(lint ind(?x) is itself a composite, depending on the number of hairs jier seed, multi- 
jiliod by the weight jior hair. This last may alter with a change cither in the length, 
or in the thickness of ('ach hair. 

[n the present ]>aper the autliors have, therefore, considered first the variation 
of the seed and lint-weight per seed separately as occurring in ])ure .strains grown 
side by side. 

II. Variability in seed<-weight and in lint-weight per seed. 

The strains which have been used in these investigations are those of Broac/i- 
dvfihi, cotton described by one of the autliors in his former Memoirs (loc. cit.). Their 
cJjaracttU’istic fi'atures may be summari.sed as follows : — 

(1) B-I. This typo is retained as earlier ripening than any other strain, 

owing to tlie production of a large number of flower-buds in ])ropor- 
tion to the vegetative growth of the axillary vegetative branches and 
the monopodia. It has an average ginning percentage and seed- 
weight. 

(2) 0-1. Tliis type is the least bushy, has an exceptionally open habit of 

growth, and is hence loss attacked by bollworm, and as a result has 
a huger ]>er(;entH,gc of succo.ss in flower-buds, and of bolls from flowers, 
tluin is obtained in other strains, but the ginning percentngo is about 
th(! normal for Broacli-deslii cotton. 


1 Mam. De.pl. Af/ri. India, Bot, B&r,, XU, No. 3. 
“ Me.m, De.pl. Agri. India, Bat. Ser., Xlil, No. 5 
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(3) I-A Cylindncal Boll This is the bushiest strain of all the solecto<-1 types, 
has a large heavy seed, hut a high ginning peroontago. Tts value 
lies in its high yield, high ginning percentage and good stn]ih'. 

(4:) I-A Long Boll" TU gmerd character of the plants in this strain is very 
similar to that in the last named, and. the weight of the seed is about 
the same. It has a high ginning percentage, and is spe(*.in,lly valualde, 
on this account, and also because of its drought resistama.^ It is 
less variable in length of staple and ginning percentage of lint than 
other strains?. 

(5) Selection IL The plants of this strain arc of a bushy character. The 

weight of the seed is almost similar to the last mentioned type, and 
the ginning percentage is high. It is retained in the collection on 
account of the spreading character of the bracts in the flower-bud 
stage, which leads to less attack by bollwonn in that stage. 

(6) 1027 A. L. F. This is the best staple strain. The plants are bushy, 

the seeds are heavy, while the ginning percentage is somewhat low, 
though higher than the average of the strains hitherto cultivated. 
It is now grown annually on a large scale, several hundred thousand, 
acres being under this type. 

Two additional pure strains have been used in the present series of observation 
as follows : — 

(7) B. D. 6. This was selected in 1920-21 for its wilt-resisting character, 

but in other respects it is normal to the Bmwli-deslii cotton. 

(8) B. D, 4. This strain has the heaviest seed among the known types of 

BroncJi-desU, and is highly susceptible to wilt. 

Both of these new strains have been propagated from protected flowers and are 
pure since 1922-23, 

All these eight strains of Broach deM cotton have been grown iti pure? line for 
several years, and the opportunity was first taken to see what is the vfi riabilify of 
the seed-weight and the lint-weight per seed from plant to plant of cnc.h sfTnin in 
one season, and how this variability is affected when a known mixture of t\vo or mor<‘ 
of these arc grown together. 


(a) VABTABILiTY IN SEED-WEIGHT AND LINT-WEIGHT PROM PLANT TO PLANT TN PTTRE 
STRAINS AND IN A MIXTURE OP STRAINS. 

The tests were made with the average of all the bolls of each ])lant, 25 plaufs of 
each type being taken in 1923-24, and 50 plants of ea,ch typo in 192b-2.5. These 
were grown in each case on a single plot. The following Table shows tlu* eo-e,{hei<H]t 
of variability from plant to plant in each strain. 
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Table II. 


Yariahility from plant to plant of seed-weight mid lint-weight pn seed with pure strains, 


Btrain 

CoKWICIEXT OP VAErAnilirTV 

1923-24 

1924-25 

Seed-weight 

Lint-Weight 

Seed-weight 

Lint-weight 


Per cent. 

Per cent. 

Per ceirt. 

Per cent. 

B.-i 

4-4 ±045 

5-8±0-55 



T-A Boll .... 

4-7 ±0-44 

5-0±0-55 



Bcloet-ioii II (Surat.) 

4-()±043 

0-5 ±0-02 

8-0±0-53 

11'6±0'7{) 

Soloctiou II (Broaoh) . 



8-2±l-l.5 

10*l±l-.30 

1027 A. L, F 

7-5 ±0-71 

8-2 ±0-77 

6-9±04{) 

0'6±O*O4 

!«A (.lylindriaal Boll (Broaoh) 



5-7±0-75 

()-7±0-8i) 

B. I). 4 ( Broach ) 



34±046 

5-8 ±0-70 

B. D. 0 (BroucU) . 



6-f>±0-80 

9-3 ±1-30 


Tlifisc figures show that the variability of both seed weight and weight of lint 
per seed is greater in some years than others. It has been suggested that the higher 
variability in 1924-25 is connected with a cold wave which occurred during the 
ripiuiing of the bolls, but there is no evidence as to whether this was the cause 
or no. On the whole, the weight of lint per seed seems more variable from plant to 
plant than that of the seed itself. 

Wlien a mixture of seeds of the different strains were grown together the varia- 
bility a.t once increased, as would be expected, and the following table from lines 
of plants of such mixtures are interesting as showing one source of the great vari- 
ability of the seed-weight and lint-weight per seed in an ordinary crop composed of 
many strains. Idie number of plants of each strain in the following mixture was the 
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Tabi.I3 III. 

YariuMlity from plant to plant of seed-weight and, lint- weight per 
strains. 


Selection II & 1027 A. L. V. 


Selection II & B. D. 4 


Seleetkm II & I-A Cylindrical Boll 


1-A Cylindrical E<ill & B. D. G 


B. I). 4, B. 1). 0, Selection ] [ and 
I-A Cylindrical Boll 


These figures give, of course, simply the variation of tlie a,verjig(‘, from pi 
plant, and indicate the difference in this variability from season i'o s(.^ason. 1 
nothing as to ihe difference between bolls from various ])arts of the same 
or from bolls from flowers formed in different parts of the same season. 


(&) Variability OP seed-weight and lint-weight per seed in bot.ls from 

DIFFERENT PARTS OF THE SAME SEASON. 

We may first discuss the second of these points. It has been clalme,d by Jhills' 
that in a pure strain the cotton from bolls ripening from flowers opening tbo same 


Ijeoturo before the llritjsh Apscoiation, Livorpm^l, 10215, 
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(lay will bo very rancli loss variable from boll to boll than that from flowers opening 
on (liflitnont dates, though tlie variability of different seeds in each l^oll among them- 
selves vyijl remain. The reason for this, he contended, is that the sprouting of the 
seed-hairs is determined on the day of flowering. The present study has given an 
opportiinily to iriv(*stigato how far the contention of Balls is true for pure strains 
of Bfoach-desM cotton, 

ihe plan of work adopted in this study, and in those to be described later, was 
as follows. In four strains in. 1923-24 twenty-five plants of average growth were 
selected and on thc^se the flowers were ticketed daily as they opened, with the date, 
r.hose were examined, thereafter, every second day so as to note the opening date 
of the boll. .Each boll was harvested, separately wrapped in tissue paper with a 
note of its position, on, the plant and the date of the opening of the flowers from which 
it was formetl. Each opened boll was then carefully examined to remove specks, 
(lead seeds, etc. The boll, as a whole, was rcijected if it wms found to be attacked 
by bollworm. During the examination, the seeds were counted, and then the 
produce from each boll was ha.nd-ginned and the w<'ights of seed and lint recorded 
in milligrams. 

ihe sanu' procedure was adopted in 102D25 at Surat, except that in twm strains 
50 plants instead of 25 were fully studied in this way. In the corresponding tests 
made at Broa(;h, only eleven to thirtecni plants wore fully studied in each case, as 
th/^ plants tluirci ar{^ largo'.r and the number of bolls per plant very much greater. 

Iluj metbod adopted for r(’, (wording the position of a boll on these highly moiio- 
])odial cotton types mo,y be interesting. The position was noted by two, three or 
four figures, Tlie first in(licat('d the node on the main sbrni of the plant of the branch 
from which the boll is boriu-s The secoml figure, whore the figures were only twro, 
gavci the node of the primary fruiting bra.nc}i on which the boll was carried, or, 
where th<; ligiir(’!S were more tiian two, the node on the vegetative branch of whatever 
kind, from which the boll jirose. The third figure represented, when the figures 
were only three, the node of the secondary fruiting l)rancli which carried the boll, 
or (wlum the figures w(.‘re four) the node on the t('rtiary vegetative branch of wdiat- 
ever .kind from which the boll w'as borne. The fourth figure, which only occurred 
when the bolls were carried on tertiary fruiting branches, indicated the node of the 
fruiting branch that carried the boll. The cases of secondary fruiting branches 
arising from primary fruiting Imanclies and of branches arising from accessory buds 
were not S(^parately considered, and are rare. This system of record enables an 
accurate' comparison to be made of the soed-w'^eight and lint- weight per seed of every 
boll in relation to its date of flowering, period of matimition, and position on the 
plant, and the records so obtained are the basis of the discussion now to be made. 

TMc (yf ffmemuj mid wr.u/kf, of seed and lint. To return now to the eflect of 
dat(.'. of flowering, the n'sults may be summarized, in the following taljle, in which 
the variabilily of (a) the' seed-weight and (b) the lint- weight per seed from all the 
bolls examined from tlie strain is compared with that from flowers opening on 
the, ssimo, date. Tlie detailed figures arc given in Appendix I, 
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Table TV. 

Efrai of data of flowering on mriahilitg of seed-weight and lint-weight 'per .wed. 


COEFli’IClKNT OF VARIAlULi’i'Y 


Strains 

SUEV) -WEIGHT • 

LiNT-WEHUIT J’KIt SKK.1) 

All bolls of 
strain 

Average of 
bolls from 
flowens of 
eacli date 

All bolls of 
strain 

Average of 
bolls from 
llowers of 
each date 

1923-24— 

B.-1 . . 



12-8±0'27 

ll'GiMo 

14*310*.32 

12*711*25 

I-A L(.ng Boll . 



12-1 ±0*31 

9-4 db 1*03 

15*710*40 

' 11*111*23 

Salocfciou II 



12-3 ±0-24 

12'3dbM0 

14*710*29 

, 13-51. i*25, 

1027 A. L. , 



l.'j-9±0-32 

13*9-1- 1*38 

18*710*38 

15-1.11*48 

1924-25— 

1027 A. L. F. . 



13-1 ±0-15 

11-810-97 

15*7 10* 17 , 

15*311*27 

nelection II . 



12'8±0-15 

12*110*95 

10*110*18 

15*3 11 '23 

B. D. 



12'4±0'19 

10'«±0*97 

14*410*22 

14*01 M3 

B. 1), 0 . 



l()-S±0-20 

13*810*90 

21*310*29 

18*911*30 

I-A Cylindrical Boll . 



13-8±0-18 

10*710*80 

14*710*15 

I3'31<l'0l 

Selection 11 (Broach) 



15*1 ±0-23 

13'4il*I(.) 

J7-810-23 

17*1:11-39 


These figures show that in almost every case the bolls from flowej-s wliie-h openefi 
on the same day are less variable than the general population of bolls, but the 
difference is not very great. The results given indicate, in fact, that a, similar <late 
of flowering does not in any way mean similar seed-weight, or Iiijt-\V{‘iglit j.»cr scaal, 
and that there must be some other factor more effective than that at ])j“(‘scnt under 
discussion. The results are, in fact, not in accord with the exp(K,;tatiou of ihilLs, 
though they do show that the date of flowering does have some effect in dcttuiniaing 
the final weight of vseed or lint. 

It might be, however, that the variability of the seed and lint-weight from tlu’* 
produce of flowers opening on the same date is due simply to diffcrcnc.cH fadavccu 
the produce of different plants even in a pure strain. To se(‘. how far tills has Imh'u 
the case the produce from flowers of the same date, on the same plant, was taken ai 
the height of the season in 1924, and the variability among these eoiujiared wilh 
that above given for a general plant population of the pure strain. Thi'- dillicidty 
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ill. tliiH (ijusc is i;o get u plant with enough flowers opening on a particular date to 
give reliaJik^ data, for such, variability tests. But in the following cases, from ten 
to seventc<in flowers ojj<,uicfl on the same plant on the same date, and the variabiliiiy 
of th<'. produce of these was determined. 

Tlie variabilil.y of the produce, therefore, from a single plant, from a single 
flowering date, is shown below. 


Table V. 

Variability from a single plant of produce of a single flowering date. 


Co-BE'iaOlEK'r OF VAlllAIULlTV 


Number of 
cases 


Date of lluwering 


Seed-weight Lint-weiglit 


i •■fl ( Uflmdriral Bolt— 

(1) November 21, 1921 

(2) .Nt)Vomber 2r>, 1921 
p‘J) November 20, 1921 
(1) November 2S, 1924 
(ft) December ;{, 1921 

B. IJ. 

(1) November 2S, 1924 

(2) l)e<iouib(U' 2, 1924 

(2) Docombor 9, 1924 

Bdcction II — 

(1) November 24, 1924 

B, I). i-- 

(1) November 27, 1024 


140 i 2-11 


7-(iA0'9S 


9-8±l'29 


l0-7il4'l 


]S-8± 


14-0 i 1-94 


S-OAl-lO 


SS-S±9-;j3 


]0-7Al-()l 


9-9 ±1-50 


8*2 ±1-08 


ll>l±i-9:i 


ll-3±l-94 


From these figures the average variability of seed from bolls on the same j>lant 
is as follows : — 


Lint-weigbt 
j)er fcieeci 


Seed-weight 


Strain 


l‘A {lyliudricul .IIdU 


8-2 ±1-08 


io-iAr;i9 


9'7±l-l(i 
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U wo oompaiod these averages for l»ll» wlw of the 

with those for hells from ilowom ol a su.gl ay ■ ' 
iamc stmin [mk Appendix I) we (md the ™nah 1 y U o 
Cylmdrlcal Boll and B. D-6) to bo suhtantud y ,..r„. a basis 

tko figures are from one plant aiul onc e ^ ,^1 jpoiu flowers 

of iudament. In otker words, the variability is the s. nu. 

of i single day on one plant and on a scries of p.,, ..a.iablc 

While therefore, the bolls from flowers of a single clay axe 

than the ’general population of all bolls "* not aooouut 

plant is taken, the difierence m the d,vte of ope. mg o Uio tlow u 
for more than a small proportion of the variability that is found. 

(c) VaBUBILTTV in SEETl-WBIltllT ANO LINT-WHHUIT ''“'J ""‘ “ 

^ ' QUIUliD BOB THIS MATIIKATION OB llol.I.h. 

The efteot of the time required for the riiiemiig o| the 
dored, on a factor in the variability ol the seed-weigli ... e 

Balls has stat^ that the -f ““triSihirSoJ "^^ 
developing, and if this is the ei«i the ™ ^ ^ fP dilTerenecs in both of the 

“‘tng in a recent puhlieation.* has given the mean lengili of fte l-U ^vel^' 
mentpfibd on smaAoll Upland long-sbiple varieties - 

the maturation period vanes from dd to M lays, wiine 

to 67 davs In normal Pima bolls the variation was Iroin -lb to hi clays m .>^1 
»fthc p-iodof maturation was found to got longer ^ ^ ^7;;^ 

dates. They found Sea Hand cotton to give a mean ripc-.mng iKuiod of 57 day. , 
and Mead cotton 56' 1 days. 


1 The Development and TropcHien aj Haw (h)t(on, ji. H4. 

2 U. S. A. Dept. Agri. Dept. IhtU. UHH (10211). 

* Wed Indies Bull. XVI, p. JHO (1017). 
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This period has been carefully watched for several of the|pure strains now under 
sfciidy, in 192, ‘biH and 1924-25, both at Sxirat and Broach, with the following results. 


Strain 

1923-24 

1924-25 

Mai'ueation rmron 

Maturation ivkiuod 

llange 

Average 

Kangc 

Avci'age 

Hiirat-- 

I Days 

Days 

Days 

Days 

. B. 1 . ■ . 

: 44—70 

60'9 



1027 A. L. F 

49—74 

64G 

69—112 

.,72-4, 

.1- A Long Boll . . . . . 

51—72 

(54-2 



Holocjtiou ril. , 

63—74 

64*1 

47-102 

()9-4 

Broarh - 





iSeleeiion ill . « . . . 

j 


47— «(} 

71-0 

l-A (lyUmlrical Loll .... 



59—91) 

78-2 

B, 1 ). 4 



()1— 90 

7U-7 

B. 1). U . . . , . 



59—90 

72-0 


Kroni these ligurtis it will be seen that the variation in the xnaturation p<?riod 
with theses Hmwh-di'tihi types is as high as for Pima cotton, but the period is not 
grinitfjr for lattu- bolls than for <iarlier ones. On the contrary, in 1923-24 it was less, 
in 1924-25 the last bolls took a few days less at Surat, while at Broach the earlier 
bolls riptsiunl more <{uiokly than the rest of the crop except with the strain I-A 
Oylitidrieal Boil with which there was practically no difference. The actual figures 
are given in Appendix II. 

I t should be noted that the average period of maturation of Broach-desM types 
of (joliton is higher than for any other known variety.^ It was particularly high in 
1924-25, possibly because, in that year, after completion of flowering in the middle 
of January, there was an uiiivx^rsal and severe cold spell. 

Now Balls “ has stated that the weight of the cotton seed goes on increasing all 
tlie tiiiKs of maturation. If the lint-weight per seed increases in the same manner 
and fco the same extent as the seed- weight, or, in other words, if there is perfect 


V,iyim {Hid {. Xo. ItH {1U‘!!)— Arizona Boll, studios with uplatui cuitou, p. 8), 

Imwcvov, a Inrificr average juaturatiou period for the HartaviUo variety of American cotton, 

namely, (layK. ^ , oa 

The, Dereliqniieiit and Pro'jierhen oj haw Colmi, p. 84. 
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correlation between tliem, then the variability of each will not l;>e aflected, by tins 
length of time between flowering and ripening. If, on the other haiul, tlu'rts ih no 
correlation, or if the correlation is only partial, then the h'.ngth oi time ol ,i ipumig 
of the boll will affect the one more than the other, and will aocoiint, ])ariiii,lly sit 
any rate, for the variability. Now the actual correlation betw(K‘ii tlu^ avera.ge, scimI- 
weight from each boll and the ripening period in days of, isacli boll is shown m Urn 
following table, derived from the study of 343 to 009 cases in 1923-24 and from .)■: < 
to 1,730 cases in 1924-25. 


Table VI. 

Cmrehtmi between seed'-weiglit and maturation 'period. 


It will be seen that in 1923-24 there was a rcdiablc positive; coiTtilatioii betwwMj 
the seed-weight and period of maturation of the bolls, though a v<i;ry letdilc om*. ,l ,n 
1924-25, any effect of this kind has been swamped })y other factors, possibly by Urn 
cold period during the ripening of the bolls which has been rel erred to above. 

This does not answer the question, however, as to whether the hmgih t)i main ra- 
tion affects the size of the seed or the weight of lint per seed. A similar (;(,>iTelatioii 


Strain 

CuKKELATK tM CO- K Jane IS .N X 

1922-24 

1924-25 

Burnt — 






B.-1 . 


. . . 

• 

-t-0Tl)i0-030 


,1027 A. L. F. . 


. . . 


-1 0-24 A{)-027 

+o-o:i 

.l-A Long Boll . 


. . . 


I0-:i0=fc0-032 


Selection III 

• • 



-10T8A0-0I8 

■}0-14dL0-0lC» 

Broach — 






Selection HI 





+9'04 

l-A Cylindrical Boll 



■ ; 1 


i (»>l2J--0-019 

B. 1). 4 . 





-(•(>■02 

B. D. (j . 





H-9-02 
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study witli regard to tlie latter has, however, yielded the results showjx in the fol- 
lowing table. 

Table VII. 


Corf elation hekvccn lint-weight 'per seed and matumtmi period. 



j • COEKKnaTIOK CO-I-ni-li-IOIEN'l’ 

Strain 

1923-24 

1924-25 

Surat — 




+0’22±0’031 


1027 A. L,F. 

-10-40A0-024 

+001±0-016 

I-A Long Boll . . . . 

-|-0-491:0-028 


Soleetion 11 ....... 

+0-33 ±0-023 

-1-0-12 ±0-017 

Broaift — 



Selection II 


+0-22 ±0-021 

LA Cylindrical Boll ...... 


+0-21 ±0-018 

B. D. 4 


-h0-10±0-022 



—0-021+0-02 


The results are similar to those for seed-weight. In. general, the lint-w^eight 
seems to be more affected by the length of the maturation period of the bods than 
the seed-weight, though in 1924-25, at Smat, the relation is xxartly swamped by other 
factors. 

The general result of this study of the question as to whether the variability of 
the seed-weight and the weight of lint per seed in a pine strain can be explained by 
(UlTerenees in date of flowering or in tlie maturation xxeiiod of the bolls, is clear. 
Bot/h of these conditions have an effect, though it may be swamped by other factors. 
But in any case it is entirely inadequate to account for the variability in. these charac- 
ters found reguhrrly in every season in every jmre strain. It is clear that we shall 
hiiYo to look elsewhere for the causes of this variat'on, and it is now proposed to 
exa.miiu^ fh(.‘ question of the variability a,mong the bolls on each single plant and its 
cause. 

((/) V./MUAlULll’Y OK SEKB-WKIGHT AND LTNT-WEIGirr PEE SEED EROM BOLL TO BOLL 
ON A SINGLE PLANT. 

It lias been ahx'ady descTibed how full data for every boll on a series of plants 
were, olduiiu'd and r(!Corded both in 1923-24 and in 1924-26. The number of bolls 

' B ; 
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per plant in 1023-24, numbered from 13 to 40, und in 1924:"25 from 20 to 40 at fciurat, 
wMIe at Broacii in 1924-25 the number was very much larger, varyhig .from 4H 
to 164. 

The variability among the bolls on single plants did'ored considorahly from plant 
to plant as is show.n in the following records. 


Co-effi(jiout of varial 


Under 


From 15—21) 


The maximiun variability of seed-weiglit on a plant was 20-9 ±2-87 and flm least 
4:-6±0'63 : for liat-weight per seed the maximum was 2i'7±2*98 and the least 
was 7'2i0'99. 


II. . 102S-24 — I-A Long Boll (U Bnral. 
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seed-woiglit was lC-2±X-05 and the least was 
w?.7'i l»it-W(>ig]it per seed, the highest was 25-y±5-5t) and the hjasb was 

I IL 1923-24: and .li)2d-25 — Bdedion ll at Burnt. 


Cu-cllioioni uf viiriability 


N UMlfBIt Ol!’ CASKS 


NUMlSKii OK CASKS 


Sci!(l.\voiglii LiuL-w-oiglii iSced-wciglit Lint-w«ighfc 


^ iakiug tile iwu years tegedher, th.e higliest vathibility oi; tlie sei'd-weight on a 
«mg ii plant was 2.1,-r)±2-.l/J an<l tiie, h,a,st was 5-5.i:(K5;; : lor lint-w<-igJit ]>er s<uhL 
the Jnghest was :}.l/7 hr)-!5 and the least Jji boi-li. matters, the liigher 

hgure was obtained in 1924-25. 

IV. m233}4:md 1924-23-^1027 A. L. V. at Burnt. 


(tu tdlicbni (tf vju'inbility 


N'uaiKKu m.' casks 


Lilli, -wciglil, .Stjc.tl-weighl, JAiit-\u;iglil 


Fn.m 5 - 10 . 

Ki'iim !0 -}0 , 


'O'rAK 
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Again, tukirig tiic two years together, the highest variability ot the \v<?ight 
on a single plant was 20*22^1*50, and the least was 6‘5--0‘7<) ; ior liiit-winght |>er 
seed, the highest was 28*J3il'82 and the least 7*3i0*8y. In both juati.tT'S the higher 
hgiiTe was obtained in 1924-25. 


F. 192i-2o- — J-A Cylindrical Boll at Broack 



NU.MiiiOXt OK <UNKS 

Go-efficient of variability 

b'eecl-woiglit 

l.iiit-weiglit 

Under 3 . .... . ... 

uotio 

H-oia.' 

From 5' — 10 . . . ' . . . . . , 

1 

i . 

From 10-13 , . , i 

11 

■ n 

From, 15— 20 ... * 

IIOIIO 1 

i , , 

Over 20 . . . i 

. . 

Totai. 

1 

1 

iti 


The variability was determined from a number of bolls per plant which ranged 
from 51 to 140 with an average of 08 bolls. The highest ligurc for the variability 
of the seed- weight was 21'r)il'07 and the lowest 10‘0i()*39 : for Ihit-w^eight per 
seed the nuiKimiun was 25‘8±1'28 and the lowest UV8±0'42. 


VI. 192d~2‘5— Selection II at Broach. 


Clo-ellicicnt of variability 

NxJMBEft 

Seecl-voiglit 

OK CASKS 

lAUt-'Wtli.gllt 

tfndor 3 . . , . . ..... . i 

none 

none 

From 3— 10 * . . . ... . . i 

2 

none 

From 10-15 

7 

7 

From 15—20 

1 

3 

Over 20 

2 

2 

Totat. 


,12 


The variability was determined from a iniml)er of bolls per plant wbieh ranged 
front 52 .to 111, with an average of 80 bolls. The higljest lignre for llu' variabiiify 
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of the S(..ed-weighfc was 20-9±l-U and the lowest 9-3+0-B3 ; for lint-wohdit ra-r seed 
the maximum was 27-8±l-S3 and the lowest ll-4±0-eo. ^ 


VU. mi-2!)~B.D-4abBroaA. 


'i>-eilici(inb of Viii-i;i.biiiby 


NriMBMlt OJ.' fJAHJtlH 


The rariability was determined from a mimher of bolls per plant which rangeil 
fnmi 4b to 95. with an average of 72 bolls. The highest Hgnre for ih.. variability 
of the, seed-weight was bt- l .-()■, S3 and Iho lowest H'3±0'4S ; for lint-weight per 
seed the maximum was 19’8±1"28 and the lowest 9-9±0-|)3. ^ 


F/J/. 1924-25— B. I). 6 at. Broach. 


( lo-ellicient, of vanabiiity 


NumIIKK Oh’ (lAHThS 


tS'ood-\voifrht Linl-wdight 


The, variahi% W'es detcrmiiu-d from a mimher of bolls per piniit which rmmc i 
from 72 to 1()4, with an average of ] 12, bolls. The highest figure for the variahilitv 
of tlio seed-weight was 2()-0:t0-85 and the lowest 12'6±0-77 : for liiit-wei-ld nei 
seed tli(', maximum was 2511:';] -Ol) and tlu.^ lowest 14-*1±0‘62. 

Ihe general result of the t)bserva,tion just set out is that the iint-weighf i isec'd 
?s far more variable from one boll to a,uotlier on the same plant than is 

11 l-«..ARy, 
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itself, and this in every strain; while the dilTcrences of variiihiiil.y froiii plaut. to 
]daut are also greater. 

There is one thing which might affect the comparisons wliicii iia,v<i just been 
made. The number of seeds per boll is not constant but in live, ligurtss just given 
all bolls have been included. But tliore arc generally though nut always, a, few 
bolls which contain a mry small number of seeds. If these arc extiliubid the. varia- 
bility is, however, only slightly, though perceptibly reduced, parlh3nlariy as to tiui 
amount of lint per seed in certain strains. The actual ligures obtained in a. staui}' 
of this point in 1923-24 gave results as follows : — 


Table VIII. 

YmicfhiUbij far flant in 1923-24, 


— 

<..lo-iiii'i'’i<ui'ViST uii’ VAinAjnnvi’v 

(Seotl-weighl 

Litit-woighi 

(1) B-I (iO plants)— 



(a) including all bolls 

11-7 ±1*30 

13-0 A 1*47 

(b) oxcluding bolls with very few semis 

11-0 ±1-20 

}3‘3 1-1%W 

(S) I- A Long Boll (7 plants) — 



(a) including all bolls ..... 

10 did- 1 '34 

J 7-9 ±2*1 7 

(fi) excluding bolls with very low soeils 

,_10'8±1'44 

U'Orhl'lHJ 

(3) Sdastmi II (13 plants) — 



(a) iiioludiiig all bolls . . . . , 

Hl'Srbl'OG 


(6) oxcluding bolls with very few seeds . 

L11'4±I'(>8 

i;}'2±M4 

(t) 1027 A. L. F. (0 plants)— 



(ct) including all bolla ..... 

|13'4±1'33 

14,'Udsl'4ft 

(b) excluding bolls with very few seeds 

|12’8d:l'31 

14'l-.fcl'48 


Consequently, it seems clear that the variability is only in a very minor measure 
due to the number of seeds per boll. Tins is, however, only due. to the fa(3t that th esis 
abnormal bolls with very few seeds are very small in number : in siadi bolls 
as occur, the seed-weight is invariably higli in proportion to tlu^ amount of iinli on 
each seed. The actual correlation frequency of tSelecition, II at Surat is given, in 
Appendix III. Bhom this it may be seen that all the bolls with few si'-cds have 
higher seed-weight and lower hnfc-weight. 
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(f j VArilABlLl'i’Y OE SEED-WEfCmT AND LINT-WEIGIIT PER SEED DUE TO THE KIND OP 
BRAN OH ON WEIGH A BOLL OCCURS. 

bolls of (!of, 1,011 :u’(‘ lioriio on t-liroe (listinct type,s of brandies. There are, 
lirsf,, Mu* primary friiiiing brandies or syinpodia wliicli rise directly from the main 
si ('in of l,hi‘ jilani;. 'fltcse fonn the main source of the crop in most cnitivated varie- 
l/ics of (iotton iuid ow'ti in sonu^ types of lierharnmn cottons. In the J:irouch~ilet^hi 
j f..Vpe,s tlh' cruj), carried on these primary fiTiitiiig branches, does not form such a 

hi, rge proportion of til e total as in most other cases. 

Hecondly, there arc the fruiting branches borne on primary monopodia or limbs. 
,1, I'll esc carry a very considerable portion of the total bolls in most of the types of 

Bfoach-desM eolitou. 

' I'hirdly, there are the fruiting branches which rise from axillary monopodia 

(limiis) generaliy in the later part of the growth of the plant. 

A very few bolls are not, included in these three types, but tbey are such a small 
proportion of tlie total that they may be neglected. 

'^riie probh'ui i.s to see whetlier there is, within a pure strain, any great or any 
conHtunt|tli{fer('nee bi'twiK'n bolls liorne on these different types of branches, and 
the following table givi’-s the aviirage weight in milligrams of the seed and of 
I the lint per st'.(!d for each type of branch. 

t Table IX. 

Averafja weight of seeds mid. of Unt pm' seed on different Imids of hnmelies. 
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As regards seed-weight; it is evident that thnro is no Khitioiisliip bci weiMi the 
kind ol branch on wliich the bolls ocenr and the average weiglit. 'IMu* w'cds ^^.iH{.'h 
grow from branches on tive primary or axillary monopodia, are tupiiilly likely to ix', 
heavier or lightni' than those which are found on tlie primary fruiting bi'juiehes. 
The question is not quite so clear as regards the lint-weight per seed, in ail (%‘!S(;h 
but two, the seeds from bolls arising mdireetiy from primary monopodia gave, less 
lint than those from primary fruiting branches or from tliost^ arisuig iiulir<K;l,lv 
fro]n axillary monopodia. The difference, however, is very small amounting io 
only 3 per cent, of the mean weight of lint per seed. 

The above table deals with the actual meu,n value of the seed-weight of lint, per 
seed, but the position will he clearCT if the co-ej5icicnt of variabilily in the pTod uce of 
each type of branch is also considered. This is shown in the following Table. 


Table X. 

Variability of seed irdglit and wdyM of lint per seed- on different types of hvunehes 
Co~(f^dmt of vamition. 


strain 

l,lRT-1VT5l(aiT PKft .SI5HB 

SEEW-WUKUri? 

Primary 

frnitin}? 

branches 

Brandies 
on iirimaty 
nvonopodiu 

Brandies 
on axillary 
mottoiiodia 

.Priin.-iry 

frnit.in;J! 

bnvuches 

llranehiw 
on jirimnry 
mono podia 

Br.aiii!lias 
on Hxillary 
monopodia 

A.~Sural, m4-2S. 




. 



Seloction 11 . . . 

1(»4±0'41 

16-8 ±0-30 

1.5-8 ±0-2!) 

±0-3:5 

13-ri±0-28 

ll-9±0 2l 

loa? A, L. F. . 

21'2±0'Cfi 

14-l±0-2fl 

14-a±0-24 

i7-2±o-r>;5 

12-2 ±0-25 

12-2 ±0-20 

JB.— Broach, 







Seieotlonll .... 

19-2±0-r>3 

ir,-s±o-7i 

10-0 i 0-30 

10-2±0-44 

13-;}±O-50 

M-S±0-:,?2 

B.DO , . , 

20-3±0-72 

21-4 ±0-72 

21-4 ±0-37 

17-»±0-01 

i7-r,±()ii9 

1.(14 ±0-28 

B.n4 . . . . 

15'.l±0-45 


13-5 ±0-29 

13-3±0-3a 


IM ±0-2:5 

1-A Cylindrical Boll . 

15>2±0b9 

14'«l;L0-3-l 

14-y±(l-27 

l4-8±IKi7 

i3:,±o-;i2 1 

1 

!:i-2±0-21 

AVEKAOU 

17-9.-tO-r,<5 

icr,±o-r)i 

10-2±0-30 

T5-;{±0-4S 

t4-«±fl-4i) 1 

13-:5±f)'24 ; 


In both characters, the variability of the characters under study is liighcn* in all 
types epept two (B. I) 6 and B. D 4) on the primary fruiting branches. On i ln‘ 
whole, it may be said with certainty that in pure strains of Broarh dedii eoOnn, tho 
vaiiability due to the type of branch is small, and only sicoounls lor a .small ])ropor- 
tion of the total amount of variability found. 
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{/) li^RKEOT Ol.-’ l.ENGTH OP INTEENODE ON SEED-WE.IG.HT AND LINT-WEJGHT .I'EE 

SEED. 

In a pivvioiiH pul)li(;atioji' ono of the autLors Law brought forward data wLicdi 
tond to ,siiow a vtay clLstiiu-t rolatioiisliip, in. pure wtrahia of Broach-Ml cotton, 
bctwocji tiio ]6]igt,li of iiitornodes o]i the monopodial l)ranclicw and the oc(.airrenc(> 
.‘Old iengtii ot the fruiting branch<\s wibich. arise from them. Wherever there was a 
sliort internodc^ on a vegetative branch, the fruiting branches arising irom the 
succeeding node oiten failed to be pro<luce,d. But this observation may now be 
extended. Where a fruiting branch does arise aft(T such a short internode, -the 
seed-cotton, which it produces, tends to give a lower seed-weight and a lower weight 
of Imt per seed than the rest of the plant. This point has onlv, howaiver, been 
carcdully studied for two strains, which in 1921-22 gave figui-es as follows 


Strain 


Lmi’-wnicui'i' rjai siaijn 

Aftnr Kliurt 
iriatriitidow 

After long 
intivrnode.s 

Afloi'Nliort 
inlnriiodcK , 

After Inng 
inlornodes 


Dig. 


1 »''g- 

mg. 

1-A L(mg .lloll .... 

r>y-4 

({;F!> 

»(J0 

imi 

I'A (lyliiidrical .Hull 


1 {12-2 




^ Tills elTo(!t of internode length on tlie character of the seed-cotton on the snecec'd- 
nig branch has also been noted liy tSaifeelT- who also marked with herhammi (iottons 
,I.fe has observi'd tliat the huigth of the internod(‘s always decreases toward the end 
of the branch, while at the same, t-inie, within the limits of the cone, it inercases from 
the bottoni to the top of i,he plant. These dilferencos a (feet the miinbcr of seeds 
dcvolojied in each boll, and also their average weight. 


(//) hiPFEOT OE NUJUmon OE SEPDS IN THE DOLL ON SEED-WEIGTIT AND LINT-WEIGHT 
FEE SEED. 

^ ft has already been shown (page. 178) that when the number of seeds per boll 
IS very low, the, setid-weight is much increased, while the weight of lint per seed is 
decrea,se(i, Such cases are, liowever, few. Saitxeff {loc. cU.) has also shown tha,t 
t h(‘ miinbcr of S(‘(h1s per boll is lower a,t the end of brandu's. Tn the present enquiry, 
the av(Tag(' numb('r ol seeds per boll from flowers opening on different dates has 
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been determined for two strains. These are Cylindrical Coll and tSclcclien tl. 
The latter is particularly siiitalde for the purpose as it is ilm niosl. variable iu ( he 
number of seeds among all the strains examined. 

The general results as to variation in the nuinijor of st'uds per boil from llouei-s 
opening on. a eertaiii date is given in the following tlircH*. tables, '.riie origina.! ligurrs 
rejn’eseiiting the average nmnl)or for all flowers of a certain da,t(^ a,r<^ given iu Aj)peii<li.\ 
IV. The present figures show the averages of t]n‘.se figures ami tin*, ra.uge bu- seven 
days, more or less, in each case. 


Table XI. 

Variation in mirnher of seeds per boll. 


Flowering dapJB 

•Numlic 

(d' lioll 

A. i l AT fUtoAorr IN 19*24-25. 


1024. ! 

Av»trago 

Mango 

Up to November 20 ... . , . . . j 

2U*(> 

lS-9 1.*22'S 

Novotnber 21 to 27 . j 

20-0 

1 8-0 to 22 '7 

November 28 to Deoeuilier 4 

17-S 

l<)-Un20Mi 

■Docember 5 and after . . , . . . . 

20'4 

19’8 to 21*1 

General average , . . . . . . , , 

iy*9 


B. [-A. UvUNORTflAn LIoLU at liUOACll 

IN 1924-25. 


Up to November 20 . . . 

19-:} 

18-:J to 20'2 

November 21 to 27 . . . . . . . , j 

20*2 

19*1 lo2M 

November 28 to Uecember 4 . . 

19*4 

18*H to 20-1 

December 5th and after . 

19*7 

19*1 to 20 -9 

General average . . 

19*0 1 


t!, SEI.TOOTION II AT 8uilAT IN 1024-25, 


November 22 to 27 . ... 

20*4 

1 18-7 to 21*9 

November 28 to Dec(3mber 4 . . , 

20-1 

19-2 lo 2U-ti 

December 5 to 11 . . . 

I9*:i 

lS-.Sln20*;! 

December 12 to 18 , • . 

19-9 

l9*rto2(f;i 

Deconibor 19 and after ....... 

is-n 

17-;Mo 19-5 

General average . 

19*5 
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lho«o, hgnrra «oem ,o show no regnlar cliango in fto numbor of soe.k p« boll 
or ,1.110, ol 1,1.0 «o.«on vvlncli occurs in „ll i,, l.A CJyIi..dri«a 

„ll, l,l,..,v ,.«o,„s oll,.o,t, ..1. all. In .Selection 11, wl.ich is notorionsli, varial.lo, 
iluTo ,,s a ,lo,:„lod r..,l!,..g oil m the m„„l.er of »o«l,s per boll .,t tl.e ,.„d o/tl,o ,soa«.,. 
Ill Surat, and a, liltia hoioro t!i(i end of the Hea.soii {,,t Broach 

TI,o ,,„.«tio„ immediately arises ,i« t« how far tb.M«no/„:% o( the scd-wolght 
..,,„l ol t ,o h„l,.w..,gl,t po,' .seed .s gro.der or k.„« tie different p'oriods ot the sea.son. 
1 lie iollowiug table gu'-e.s evideneo on. this point. 

Table Xll. 

VmiaMlUy oj .mUydnU and UnMoeigU^ per sml at differnit partr of {hr. ec<m„. 


iniiwDriii'-, ( 111 ills 


(!«tt>!i,'r,'i(jn,:NT oi.' VAiu.A’.rJoN 


Up tu Ntivoiiilii'i' h 
aisl, [.II •JTl.li Nil vein liiir . 
aSih lit :i(Hh lunl iii'ttir . 

Up in Nnvntiihi'r iJOili 
nisi in liVill Nnvniiilx'r 
28-1 1 in Hih Ui'i'nnilicv 
,'5-12 fuiil ihfinr 

22inl in ;i7ih Nnvinnimr . 
28- ! 1 in nil lliifiuiilior . 
r> 12 in lUh Uiuinmiior . 
12ili in ISih I'K'cnmtinr , 
IPili Ucciiiuliov itiiil iil'lrr 


►Sntid-wiiighi .Liiii-Avniglii pm' sniul 


iSer.iiirTK.N ll { IJiiuAnii). 



i i i-ne 

l(;-7 


1;{0:1;C-SP 

17-l:fc|-ln 



L 11 -IS A u;i9 

• A (!YMNUian.Ai, lioM. (P.uoAnn). 




l.‘l- 2 Al* 2 r» 


110 1 o-7r. 

!;s-f>.-i.o-9! 


10-2:L0’li!) 

i2-nrL-()-Hr, 


IIULOA? 

lis-thl 0-95 

tSKlsKn'PION 11 (WluiAT). 



Jr>0:Ll%'»0 

18 -r»±l *82 

• 

1 ISO ±0-91 

l5-ld:l-j8 

” 

J1-5J.0'77 

l-l-7,t0-98 

• 

J0-9i:0-79 

i:t-7J--i-oo 

• 

.IO-M:LO-8ri 

11 '9 A 1-21 


.x-yuitu M.,1 I lUM, .. .Mi.u may he presented. Tii the hr.st place, 

tho. .•.■l.,t,o„sl„|, 1 ... .woo, I Ih,- soo,l-w,.,gld, and tho weight of lint not sod . is voiy 
oloso, a,„l h.moo 1 . 1,0 K„„„„g ,,oroo,,|.„.go is loss variahle than oithot factor, in 
s,„|,o ol tins, howovo,-, th.M'o ,s a « 1 ,gh(;-„„d with one ly,,,. (“ Kolcctio,. JJ ”) a .snb- 
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staiitial-'positive correlation between tlie ginning peTCcnitnge and ihv. nuniin'r at 
seeds x^or boll The coefficionts of correlation are as follows .iu croj)!! oC {Dt’-i -lib. 


Strain 

(tu-ilicifiii. of’ 

liftwooii tniniiii-r of 
HCcd'-l (IIT lioli 0.!l(| 

ivtnnint': 

1027 A. L. F. . 







-i -O'l. SO Ay-015 

Seine tion II at Surat . 







.|-0-.500.L0’0W 

Selection IT at Broach 






• 

+0-60:l:0-0ir> 

I-A Cylindrical Boll . 







40-39A0-016 

B. D4 . 







.j-0-13 ±0-021 

B, D 6 . 







+0-245 d; 0*01 8 


This would suggest that exeexit in Selection IT any connection between the 
variability of the two factors (sec<3 -weight and Ihit-wan'ght x^cr seed) involved in ginn- 
ing x^ercentage and the number of seeds jier boll is only sJiglit. 

This point becomes still more clear by comx)aring the coellicie.nt of correlation 
between the seed-weight and the weight of lint per seed, and that hetwe.cm tlui w<‘ighii 
of seed-cotton {hapas) per boll and the ginning percentage of lint. Now tlie weight 
of seed-cotton per boll is a combination of (1) the number of seeds, (2) the weight of 
each seed, and (3) the weight of lint on each seed. On the other hand, the ginning 
percentage is a combination of the weight of lint per seed and tlui widght cd s(’od and 
lint together. Therefore, if the difference in correiatio]i be negligible in the two 
series of figures noted above, in any strain., we may conclude that in that at^’ain the- 
number of seeds per boll is the disturbing factor. Tins is only a(^ei}, in the strain 
Selection II as the following figures of 1924-25 show. 



Strain 

Onoilicioni. <‘.»I correlation 
hetwoen 

(rt) weight of KC(al-c(»ttoii 
per boll, and 
(5) ginning iMa-coutiigo 

CuoOicifiit of comdatioii 
htitween 

(a) Kccd-vvoight, ait<! 

(//) w<-ight ol liiil, jiiH- 

' ''mai 

1027 A. L. F 



-j 0-:i08±0-014 

•i 0-ti22±.y ul0 

Selection 11 (Surat) . 



+0-504±00l2 

4 0-.74‘t.iyyi2 

Soloctioii 11 (.Broach) . 



+0'4.74:i0-0].7 

4:0iM5±0 0i2 

I-A CyUndrical Boll . 



-1 0-387 ±0010 

l-O-OOO:) 0 010 

B. D-4 . ... 



+0-n0±0021 

1 [0-ooo±y-oi2 

B. D-6 



d-0-402a;0-bl4 

! -1 o-sm j 0 oim; 
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There is, therefore, no clear mdication, except in strain Selection II, of any very 
niarkecl. coniKH-tion between the variability of seed-weight and lint-weight per 
seed, and rmy (ynlinar// variation in the number of seeds per boll. This is not the 
east^, in <i,x.tr<nnc cases (vsee page 178) where such a connection has already betni 
shown. 

(h) OF NUMJJER 01? CEIJ/S IN THE BOLL ON SEED-WEIGHT AND LINT-WEKHIT 

PER SEED. 

Ill a previous hlenioir it has been noted that seeds from four-celled bolls are 
usually lighter than those from three-celled bolls. How far does this account for 
the variability of the seed- weight and lint-weight per seed already noted? The 
number of four-celled bolls is small, and varies much from year to year. The actual 
dilference in the character under study in a number of cases is as follows : — 



I’aking all these strains together, it will bo seen that on the average the seoths 
from 4~celled bolls arc TI per cent, ligliter than from 3-celled bolls, ^I'he 
lint-weight per seed, is, liowevcr, on the otlier hand, 4*3 per cent, higher fi'cjin 4- 
eelled bolls than from 3-eoll(.>.d bolls. In neither case, however, is the relationsLiip 
consistent in nil nastjs, and it would be very doubtful, especially in the case of the 
linfc-w (sight per seed, to seelc to connect, to a material extent, the variability witli the 
occurrence of 4-ceUed bolls. 

Bofor<3 proceeding further, it. may be. wise to summarize the conclusions that 
have bct'.n r<3aein',d regarding the causes oi llic variability of seed-weight and lint- 
weight per seed in pvU'O strains of Broaah-dc^'lu cotton. These are as follows 

(1) The seed- weight and lint- weight per seed from flowers opejiing on a 
single- day a.r(! a lit, tie less va.ri.ablc fhan from tlui whole- of lh(? flowtU’S 
of a, sirain. ’'.riiis do(is not a,econnt, howiiver, for more tiuin ten jxr 
cent, (ff tin? iiotal va.riabiii1;y for lint w(3ight and for more i.hau twelve 
per e-nnl;. of the, (,<4,al variabilily for seed-w<?ig})t. 
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(2) The tu«o mjuiml lor the iDiituTaiion ol' th(i boll wonhi .s('j'tu jo Ik; (!i.s 
tiuolly but; loebly correJatwl wij;li the IIk* rcl;!,- 

tioTishi]) may easily be swamped by seasoiial I’uci.ors. As rsyiittis 
tlu 5 iiut-weighl; per seed, the time i:e((iiir<d for of bolls 

also afieutsthe wesiglit, anal, iu fact, to u greuiter (‘Xteiil, tban with soed 
wehght. This ina,y be also largcily swamped by seusouaJ i'aelors, as 
occurred at Surat in 1924,-25. 

(If) The kind oX branch on which the Imlls arc Iwrno lias no roiationship with 
the seed-weight, while with the lint-weight })ei' seed tln.^ position is 
doubtful. There is evidence, however, that tlu^ ])ol],s arising in- 
directly from primary monopodia give less lint jx'r seed than othor 
bolls from the. same plants. The variability within the produce Xroju 
primary fruiting branohosis higher than l-hat from other hranelu'S. 

(4) There seemvS a clelinite relationship between the leiigjh of interaodes on 

the branches, and the seed-weight and Jint-w<!igb.t p(‘r s(^ed on (lie 
bolls borne at the succeeding ivodes. Tin', .se(ds from bolls boriie 
after long intornodes arc heavier and the lint-weight per se(^d is also 
greater. 

(5) The number of seeds in the boil (except in (extreme <‘aseH) has not given 

a clearly marked effect on the seed-weight and weigh!, of lint per He<'d, 
- except in certain strains (c.^., Heh'ctiojti 1.1). 

(6) Seeds from 4-celled bolls ans usually somewbat lighinr tluMi those, from 

3-ccllcd bolls. The lint weight p(‘.r wuhI is, liowevt'r, slightly greattn* 
in the case of 4-(!elIed boils. The comnfctiim is not, Imweviu*, very 
certain in the latter case. 


(i) Effect of posiUon of holla on the plant on sml-imUjhl and miyhl of Unt pa 
seed. 

It is well known, with a largo number of crop plants, thiii. the position rehitive 
to what vfo may call the general scaffolding of tlu^ plant has a. ecriain intluenee ott 
the character of the fruit. To take a cas(^ which dillbrs wd<)oiy from that which 
we arc now discussing, it is found that in wheat* the. grains situa.(,ed a bout one third 
of the distance from the tip of the spike are licaivier tlian tin? others. 9'iius it, is 
necessary to examine whether the position of the bolls on the, ])huit afreets {he. 
characters now under discussion. 

On page 167 of the present Memoir, a method has bce,u dcse,rihed by whie-h tlie 
position of any boll on a cotton plant can be defined by moans «jf not. more, than 
four figures. Thus a boll whose position is deliiuid by tlu; figures 10, 7, 6, :> is <ine 
which is borne at the third node of a tertiary fruiting brancii, whudi rises af. ( In? si.\th 
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ii-oilo OIL ;i BL'oondaj.^ .moiiopotliuiii. The last, itseif, occurs at the seventh node oi! a 
l>finLiu.*y nLon.oputii.iun, rising I'roni the tontli. node on the main stem. 

Tfiis position cnahles boils which are siniilariy situated, except in oikl par lieu I nr, 
to be. compared, and the hgurtis whio,h follow'^ are based on this nud-hod. 

The co.i,upnj‘iso.ns caji thus bo oa-sily made, but in order for them to b<! legitimate., 
it would a})pea.r that any flowers which arise abnormally should be exeduded from t.h<i 
oo.mparison. There is only one type of such aljuormal flowers, amounting to fro.m 
two to live per cent, of the total cases, which has attracted the authors’ attention 
and which have consequently been excluded. These are the “delayed flowers” 
which open, later than, flowers at a younger node on the same branch. These have 
been systematically o.mitted in the comparisons which follow : 


A. BJJect of position tvitk regard lo the rmin stem. 


TAimE Xni. , 

temmlagc of <xises where the seed weight and the weight of Vmi per S(xd decreases at the 
gou-nger nodes. 


Hfcr.iiLi iiuti |iiuw5 

1 

.:2i 

; m2. 

1.-25 

StiOil-woighl 

ul' liul 
[tir Kuuil 

weight; 

AVui-ihl 
uf liat, 
})(U'.sr«!(l 



I’tir oujil 

J’<!r 

Bur cent, 

l‘tu' rrut 

B -l (HnnU.) 


I. 

81-0 



l-A Bull (Sural.) 


s:2-‘i. 

7t)-4 



Sitlt-u'.Uuii .1.1 (Surat.) . . . 

* ■ 1 

07-1 

57 -t 

tree 

ti:C2 

10:27 A. L. F. (Sural) 


.s^-a 

f.10-0 


5lJvl 

Scltaaiuu ] 1. (BruiU'ii) , a 




tj7-5 

t)4U 

l-A (JyJiiKlriual Bull (J:j'(i:u'.h) 




75-;t 

5;i-o 

1;. !)-()( Bruauh) , . . 




79-5 ■ 

7(r0 

i>. '!»-,l (Bruar.li) . * / 




70-0 

■ ■ (test 
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(2) The iime required for the maturation of the holl wouid seem to he clis- 
tiuctlv hut foehly correlated with the seed-weight, though i}.u>, ]x,hi- 
tioiishii> may easily he swamped hy seasonal factors. As regards 
the Lint-weight per seed, the time required for niaturatioji of bolls 
also affects the weight, and, in fact, to a greater extent than nitli seed 
weight. This may be also largely swamped by seasonal factors, as 
occurred at Surat in 1924-26. 

(?d Tiie kind of In’anch on which the ])olls are borne has no relationship w^ith 
th.e seed-weight, while with the lint-weight per seed the position is 
doubtful. There is evidence, however, that the bolls arising in- 
directly from primary monopodia give less lint per seed than otlna.’ 
bolls from the same plants. The variability within the produce from 
priinury fruiting branches is higher than that ;from other branches. 

(4) There seems a definite relationship between the length of intornodes on 

the branches, and the seed-weight and lint-weight per seed on the 
bolls borne at tbe succeeding nodes. The seeds from bolls borne 
after long internodes are heavier and the Lint-weight per seed is also 
greater. 

(5) The number of seeds in the boll (except in extreme cases) lias not given 

a clearly marked effect on the seed-weight and weight of lint per seed, 
— except in certain strains {e.g., Selection II). 

(6) Seeds from 1-celled bolls arc usually somewbat lighter than those from 

3-celled bolls. The lint weight ]ier seed is, however, slightly greater 
in the case of 4-celled bolls. The connection is not, however, very 
certain in the latter ease. 


(i) Effect of ^iosiiion of hoik on the plant on seed-weight and 'weight of lint per 
seed. 

It is well know n, with a large number of crop plants, that the position relative 
to what we may call the general scaffolding of the plant has a certain influence on 
the character of tlie fruit. To take a case which differs wu'dely from that which 
w'e are now discussing, it is found that in wheat* the grains situated about one-tldrd 
of the distance from the tip of the spike are heavier than the others. Thus it is 
necessary to examine whether the position of the bolls on the plant affects the 
characters now under discussion. 

On page 107 of the present Memoir, a method ha,s been described by wliich the 
position of any lioll on a cotton plant can be defined by means of not more than 
four figures. Thus a boll whose position is defined by tie figures 10, 7, 6, 3 is one, 
which is borne at the third node of a tertiary fruiting branch, which rises at the sixth 
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iUMio Oil a. aoijoutjarj' nioiiopudium. The kat, itaelf, occurs at the seventh node of a 
primar}' moiiupodiiini rising from the tenth node on the main stem. 

This position enables bolls which are similarly situated, except in one particidar, 
to be compared, and the figures winch follow are based on this methoti. 

ihe. Comparisons can thus be easil)^ made, but in order for them to be legitimate., 
it would appear that any flowers which arise abnormally should be excluded from the 
comixirison. 'Inhere is only one typo of such abnormal flowers, amounting to from 
two to five per cent, of the total cases, which has attracted the authors’ attention 
and which have consequently been excluded. - These are the “delayed flowers” 
which open later than flowers at a younger node on the same branch. These have 
been systematically omitted in the comparisons which follow: 


A. Jbffect oj position with reyard to the main stem. 

Table XIII. 

Pcicentage oJ cases lohere the seed iveight and the weight of lint per seed decreases at the 


younger nodes. 


(Strain and place 

1923-24 

' 3924-25 

Seed-weight 

Weight 
of lint i 

fier seed 

Sood-weight 

Weight 
of lint 
per seed 


Per cent 

Per cent 

Per cent 

for cent 

B-.1 (Surat) , . . , . 

74-2 

81-0 



•l-A Long Boll (Sumt) .... 

82-4 i 

70-4 



Solcctioii .11 (Surat) 

C7-i 

57-5 

()3di 

03-2 

1(.W7 A, .L. E. (Surat) „ , , . i 

82-5 

CO-0 

m -2 

59-1 

Selection .11 (i;r(.iacli) . « . . 



<j7-5 

()4-0 

i-A C^diiidrical ItjJl (B,i-uacli) 



76-3 

53-5 

■B. .i)-(j (.Bruacii) . . , , , 



79-5 

7U'9 

B. 1>-X (Broach) ..... 



70-0 

93-9 



STUDIES IN GtJJABAT COTTOITS, FART V 

nilon with regard to prinmy monopodia and axillary vegetative 
branches. 


Table XIV. 

tu seed weight and the weight of Unt fer seed decreases at ilte. 
munqer nodes. 


Percentage of cases 


Weight 
of lint 
per seed 


Strain and place 


B-I (Surat) . 

I-A Long Boll (Surat) 
Selection II (Surat) . 

1027 A. L. E. (Surat) 
Selection II (Broach) 

I-A Cylindrical Boll (Broad 
B. D-6 (Broach) 


C. Effect of position with regard to primary or secondary sympodia. 
Table XV. 

Paemtage of cases where the seed-weight and the weight of Unt per seed decreases 
at the younger nodes. 


Strain and place 


B-1 (Surat) . 

I-A Long Boll (Surat) 
Selection II (Surat) , 

1027 A. L. F. (Surat) 
Selection II (Broach) 

I-A Cyliiulrical Boll (Broad 
B.. D-6 (Broach) 

B. D-4 (Broach) 


1923-24 

Seqd-weight 

Weight 
of lint 

per seed 

Per cent. 

Per cent. 

70-7 

67-2 

68-6 

66-7 

69-1 

67-4 

78-4 

60-7 




1923-24 

19 


Weight 

Seed-weight 

Seed-'R'eight 

of Unt 
per seed 


Per cent. 

Per cent. 

Per cent. 

91-0 

87-9 


76-9 

92*3 


80-2 

700 

82-5 

85-2 

70-4 

81-2 

79-6 

75*3 

80-1 

92*4 

68-4 

89-3 

77-3 

71-1 ! 

87-1 



89-5 
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The resuite of these comparison axe of interest. As one progresses along from 
the older parts of one type of branch to the 5 ^ounger, in the majority of cases both 
the seed-weight and the weight of lint per seed decrease. This is especially marked 
in the case of the sympodial branches which directly bear bolls themselves, and 
with these branches generally this decrease is shown in over 80 per cent, and in a few 
cases ill over 90 per cent, of cases. 

The progressive decrease at the younger nodes on the vegetative branches and on 
the main stem is not so marked though the tendency seems to exist in both classes 
of branches. 

There is a practical consequence from a breeding point of view, which arises from 
this result. For the purpose of having large seeds and a large weight of lint per 
seed, a type of plant should be preferred which has numerous short branches, and 
especially numerous short sympodia, rather than one which has long branches and 
especially one which relies for its yield on a limited number of long fruiting branches. 

So far we have considered the proportion of cases in which the characters under 
study decrease as progress is made from the older to the younger parts of the same 
class of branches. Now, we may consider the actual amount of variability, or in 
other words, the extent of the decrease with each type of branch. And, here, it is 
necessary to limit all results to those cases where bolls are actually borne on successive 
nodes on a branch. If there are nodes on which no bolls occur between two on which 
bolls actually are formed, other influences than that of position may affect the 
result. Hence in the following tables only those cases where the bolls are on 
smeessive nodes are taken into account. 

A, Effect of position with regard to the main stem. 

• Table XVI. 

Average decrease in seed-weight and zveight in lint per seed on consecutive nodes. 


Strain and place 


B-I (Surat) . 

I-A Long Boll (Surat) 
Selection II (Surat) . 

1027 A. L. F. (Surat) 
Selection II (Broach) 

I-A Cylindrical Boll (Broach) 



1.90 
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B. Effect of posifimi- with regard to the primary nwnopodia and axUlarij vegetative 
branches. 

Table XVIL 


Average, decrease in need-weight and weight of lint per seed on consemUve nodes. 


Strain and placft 

192;}-24 

192 

4-25 

Seed-weight 

Weight 
of lint 
per seed 

Seed-weight 

Weight 
of lint 
per seed 


mg. 

mg. 

jng. 

mg. 

B-1 (Surat) . . 

.0-7 

4‘5 



I-A Long Bol! (Snrat) . 

2*3 

30 



Selection 11 (Surat) 

1-3 

2-2 

3-4 

V *8 

1027 A. L. R (Surat) .... 

4'» 

4'0 

4'3 

2-4 

Selection II (Broach) . . . . 



4'2 

1-8 

1-A Cylindrical Boil (Broach) . 



2 '9 

. l-O 

B. D-0 (Broach) 



5-5 

3-1 

B. ^ Broach) 



4-8 

rs 


Q. Effect of position loith regard to primary and secondary sympodia. 
Table XVIII. 

Average decrease in seed-weight and weight of lint per seed on consecutive nodes. 


Strain and ^ilace 


B-I (Surat) . 

I-A Long Boll (Surat) 
SflUictii.ui II (Surat) . 

1027 A. L. F. (Surat; 
Selection 11 (Broach) 

I-A Ovlindrical Boll (Broach) 
B, D-(» (Broach) 

B. D-4 (Broach) 


1 

Seed-weight 

Weight 
of lint 

Seed-weiglit 

M'eight 
of lint 


per .seed 

per seed 

mg. 

mg. 

mg. 

rag. 

11*2 

6'0 



8-6 

9-9 



7-4 

{r4 

7-r> 

V’l 

15-8 

80 

7'7 

3-2 

2*8 

2-0 

7‘3 

4’0 

7-2 

3-4 

8'7 

3-2 

3'() 

1-7 

8-() 

4-7 



9-4 

4-4 
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''''' these figures that the mean decrease in seed-weight, fc 
cent +A position on the fruiting branches, amounts to from 10 0 

cPTif' Af seed-weight, and from 7*5 per cent, fco 2-2*2 

cei t of the total weight of lint per seed. The mean decrease per node of posit 
he case of the moiiopodial branches is about half of that on the sympodia, and 
Kan decrease per node of position in the case of the main stem is again far lowei 
the easo of seed-weight, being less than one-third of that on the sympodia, wl 

brancher^ "" half that foimd on the sympoc 


Effect of the j)osition on the ginning pe, 
An important consideration in connection with these f 
the change in the seed-weight and the weight of lint per seei 
on the plant is similar. If it is similar, then the ginnim 
affected ; if it is different, the produce of bolls borne on the 
of the p ant will have a cMerent, ginning percentage. In act 
ence will mean that the ginning percentage of the early part oJ 
ent from that in the later part of the crop. 

The evidence collected on this point is only sufficient 
sound conclusion, but here we are able to compare the meai 
per node in the seed-weight and in the weight of lint per seed, 
e results are somewhat variable in the different strains 
lor each of them. ’ 


Percentage dearea.se in seed-imgM and weight oflimt per seed far each node 
types of branches. 

1921-25. 


on m/no us 


Maiji stkain 


VlidETAXIVE BRANCHES 


rilTHTINO BRANCHES 


Weight 
of lint 
per seed 


SeJection II (Surat) . 

1027 A. L. p. (Surat) 
Selection 11 (Broach) 

I-A Cylindrical Boll (Broach) 
B. D-C (Broach) 

B . D-d (Broach) 


(Increase) 


SADIES M comoks, pabt V 


■ . • fhi the sympodia (fruiting teanel.es) 

The results are obviously f ,iat plr Led is most eonsKletable. 

where the loss in weight o£ both the seed and th^t two stems 

this loss is greater m position from the point of view of the 

out of tlie six studied. A^ith regard _ nf tlie seed in foiir cjises, and gieai i 

main stem, tlie loss of weigKt is less . vegetative branclios, in four cases 

“ two cases out of six studied. Cons.^th^;^« ^ the op,»s.te 

out of six the seed-weight loses ^ he ’reached, but if any thing there 

is true. No definite conclusion aiminish faster than the se«l- 

is perhaps a tendency for the ^t we^M p« ^ the gmnuig 

weight in the later deve oped parts of te pla^ or, strains differ 

percentage to be slightly less m V^„al Boll and B. P-4 as grown 

in the extent to which this is tote, and ^ ^ opposite direction, while 

at Broach seem to show a very f hraiiohes. 

B. D-6 shows less decrease “ varilbmw has hecii limited to the sc«l- 

So far, in this Memoir, fte study of variabil y 

weight and the weight of hnt pet seed, a „i„.,rteis Biguies have, how- 

more than any generally the ° “o.ggoient of variation, how far a 

ever, been collected indicating, by “f®. ' (]qoS-24 and 1924-25) m the 

number of other characters have vW m two Tlic characters 

general population of bolU grown a ““ B ‘ per seed were (1) the 

studied, in addition to the seed-weight ami t o maturation 

number of seeds per boll, (2) the weight o ‘ | sced-cotton from boll to 

period of the boUs, and (4) the gmmng „ * 

boll. The results are given m the follmying iable. 

Table XX. 

> cUmeters in p.« of Sroach-de^M cotl^ 




j^ATBL AND MANN 


m 


Most of these characteri? are very variable, even in the same season at one place, 
with a strain grown in pnre line. The maturation period varies the least of the 
characters studied. The weight of seed-cotton per boll varies the most. Whore 
plants are gi-own widely spaced, so that the yield per plant is increased, the varia- 
bility of the produce increases. This can be seen in the higher variability of 
Selection II grown at Broach where the plants are spaced at double the distance 
and the yield per plant was much higher. 

IIL General Conclusions. 

The conclusions reached up to a certain stage of the inquiry described in the 
present Memoir have been already detailed on page 185 and the results reached 
in the later part of the investigation only have to be added at this stage. These 
latter concern mainly the eSect of the position of a boll in connection witb the 
scaffolding of the cotton plant on the seed-weight or the weight of lint per seed 
of the cotton produced. This question of position relative to the general structure 
of the plant seems a very important factor in determining the variability of the 
characters studied. Generally, there seems a marked tendency for both the charac- 
ters to decrease in the later developed parts of the plant, and in the younger parts 
of branches. This is specially marked in the case of sympodial branches. The 
extent of decrease is also very high on this kind of branches. This leads one to 
conclude that a type of plant s^uld be preferred which has numerous short sympodia 
rather than the one which has a limited number of long fruiting branches. 

There is another important point besides the variation and the extent of variation 
above stated, viz,, whether the change in the seed- weight and the weight of lint 
is similar, or, in other words, whether the gimiing percentage remains constant. 
No definite conclusion may be reached but there seems to be tendency for the lint- 
weight per seed to diminish faster than the seed- weight, i.e., for the ginning per- 
centage to be less on the younger parts of shoots. The strains differ as to this 
feature and certain among them, notably I-A Cylindrical Boll and B. D-4: show the 
opposite tendency, particularly the former. 

Out of the several characters studied for variation from boll to boll, it is concluded 
that the weight of seed-cotton per boll varies the most while the maturation period 
varies the least. 
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Variability of seed-weigbt and weight of lint per seed from flowers opening at 
different parts of the season, 1923''24. 


Bate of flowering 

CO-BEEICIEKT C 

E VAEIABILITY 

Seed- weight 

lint-weigbt per seed 

■ 



1923 







December 1-7. 







9-1 ±0-88 

9-0 ±0-87 

December 8-14 







100 ±0-60 

8-6±0*51 

December 15 . 







ll-3±l-55 

9-3 i 1-28 

December 16-18 







9-6±l-02 

10-l±l-07 

December 19-20 







11*2±1-01 

ll’3±l-02 

December 21-22 







11-4±1'02 

12-6ilM3 

December 23 . 







13-3±1'38 

15-8 ±1-64 

December 24 . 







13-0 ±1-55 

13‘9±D65 

December 25 . 







9-4 ±1-05 

12-8il-44 

December 26 . 







14-0 ±1-37 

11*8 ±1-17 

December 27-28 







14-1 ±1-29 

14'l±l-29 

December 29-30 







13-1±1*51 

14-9 ±1*72 

December 31 . 







13-4±l-50 

15*6±l-75 



1924 







January 1-6 , 







ll-8±0-80 

13-4±0-83 

January 7-19 







9-5±0-80 

16-8±1-41 





Avekage 


11-6±1-15 

12’7il-25 

All bolls of the strain 






12-8±0-27 

14-3 ±0 •32 


{ 195 ) 
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1-A Long Boll. 



Cu-KJi'iaCIBN'r OJb’ VAUIAUIUTY 


December 8-14 


December 15-iG 


December 17-18 


Deuotuber lU-20 


Deoembor 2^-21 


December 2 j-20 


Dooeuiber 27 


December 28 


December 29 


January 1-0 


January 7-19 


All bolls of the strain 
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Selection II. 


Co-EFinCIENT 01? VAKIABIUTY 


December h 


December 1(> 


December 17 


MO ±1*4; 


December IS 


December 19-20 


Dcoembor 21 


December 


December 23-24 


December 2; 


December 20-27 


December 31 


All bolls of the strain 
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SttFDXES IN 


GtJJAfeAf COTTONS, i’AB't V 



CO-EFFIOIBST OF VAlUAlULl'i’Y 


Date of flowering 


December 1-7, 


December 15 


December 16 


December 19-20 


December 21 


December 22 


December 23 


December 24 


December 25 


December 26 


16-2 ±1-82 


December 27 


December 28 


December 29 


December 31 


January 1-6 
January 7-19 


All boUa of the strain 
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VamWiity ©f seed«»weiglit and weight of Hnt per seed from Sowers opening at 
different parts of the season, i924»25. 


CO-EFPIOIEKT OF VAEIABILITY 


Date of flowering 


Seed-weight 


17-57±1-41 
14*7Gd:l'12 

14-34 dbl-2G 

13-02 ±1-32 

17- 28 ±1-35 
21-83±1-81 

13- l(>±0-99 

18- 4 ±1-13 

14- {)6±0-94 


Before November 23 
November 23 
November 24 
November 25 
November 20 
November 27 
November 28 
November 29 
November 30 


15-91 ±1-28 

10- 25±0-79 

11- 25±0-99 

10-24±104 

13- 22 ±1-03 

14- 95 ±1-36 

9-16±0-69 

15- 00 ±0-93 

14-73 ±0-94 


12- 68±0-87 

14- 53 ±0-90 

16- 5G±0-98 

13- 89±0-G0 

14- 90 ±0-79 

13-64±0-G5 

17- 24 ±1-07 
lG-87±l-07 
13-26 ±0-73 

16- 26±l-78 

13- 09 ±0-60 

10- 41 ±0-95 

15- 13±i-27 

15- 71 ±1-00 

14- 51 ±0-85 

17- 24±0-87 

18- 80 ±1-47 

11- 18±0-S6 

15- 07 ±1-38 

12- 01 ±1-48 

16-8±2-31 

18-10 ±2-03 

11-4±1-21 

13- 36±l-42 
29-G±4-25 

13-1 ±1-73 

10-55±l-25 


9-52 ±0-65 

12-08 ±0-76 
18-55±1-10 

11-62 ±0-50 

11- 77±0-62 

12- 24 ±0-54 

11- 82±0-73 

12- 32 ±0-78 

12- 05±0-61 

10-12 ±1-10 

9-63±0-43 

ll-67±l-07 

10-11 ±0-85 

10- 74±0-68 

11- 44±0-67 

13- 28±0-87 

13-2 ±1-04 
9-94±0-77 

12- 05 ±1-10 

8- 77*1-08 

9- 00 ±1-24 
15-46 ±1-73 

7-89 ±0-82 
11-42±1-21 
lG-69±2-4 
ll-12±l-47 
7-71 ±0-92 


December 1 . 
December 2 . . ; 

December 3 . 
December 4 . 
December 5 . 
December G , 
December 7 . . 

December 8 . 
December 9 . 
December 10 . 
December 11 . 
December 12 . 
December 13 . 
December 14 . 
December 15 . 
December 16 . 
December 17 . 
December 18 . . ; 

December 19 . 
December 20 . 
December 21 . 
December 22 . 
December 23 . 
December 24 . 
December 25 , 
December 2G . 
December 29 and after 


15-68±0-17 


Ail bolls together 


1308±0-15 


Aveeage 
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CO-15.mf:l3ii?X Oir VAIUAIUWTY 

Date of llowering 




Sccil-weiglit 

•Liut-Wcight i«.u' ficed 

Before November 23 

1924-25 





12-87 ±0-68 

16-30-1.0-86 

November 23 







10-60 ±2-50 

17*70 A2-67 

November 24 







13-94 A 1-35 

20-5 A2-0t) 

November 2i> 







18-40 ±1-83 

21-06 1 2-09 

November 2G 







12-82^:1 '00 

14-924 1-17 

November 27 







15-67 ± 1-03 

20*73 1 2-15 

November 28 







14-15 ±1-09 

15-864. 1-22 

Novemljer29 







14-684:0-97 

16-294 1-07 

November 30 







12-854.0-99 

U'Ol 4- 1-08 

December 1 . 







i2-93A0-90 

16-H9J 1-16 

December 2 . , . 







13-814:102 

15-984 1-19 

Docemlier 3 . 







12-01 A 0-86 

13-27 4-,0'H6 

Docemljer 4 - 







10-69 A 0-73 

13-194-0-lH) 

December 5 . 







11-49A0-72 

12-25A0-77 

December 6 , 







12-31 AO'68 

14-63 AO-Hl 

December 7 . 







12‘35A0'95 

15*27 A 1-18 

December 8 . 







8-79 A 0-56 

13-764.0-87 

December 9 . 







10-13 AU-(i0 

14-37 A 0-8a 

December 10 . 







12-20 ±1-14 

15-34 A, 1-4 3 

December 11 . 







13-10A0-71 

17-084:0-93 

December 12 . 







9-71 AO-83 

13-72 A 1-17 

December 13 . 







8-35 A 0-66 

10-38 AO‘82 

December 14. 







10-72 AO-74 

11-374 0-79 

December 15 . 







U'01±0-58 i 

15-17 A0-H(l 

December 16 . 







13-36 A 1-14 

16-464:1 -40 

December 17 . 







11-58A0'80 

13-08;t0'91 

December IS . 







11-90A0-82 

15-62 A 1-08 

December 19 . 







11-29A0-80 

14-6211-03 

December 20 , 







10-39A0-97 

16-8311-57 

December 21 . 







13-07 AO-89 

15-07 A 1-02 

December 22 . 







7-41 AO-73 

13-07 4 1 -29 

December 23 . 







ll'73A0-93 

16-36 A 1-30 

December 24 . 







9-60A0-80 

16-144 1-35 

December 25 . 







1003 A 1-15 

12-00 A 1-38 

December 26 . 







U'08A0-54 

15-4 AO-75 

December 29 aud after 







All bolls together . 




• 



12-83A0-15 

16-09A0-18 





Atebage 


12-1 AO‘96 

15-28AI-23 
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Date of flowering 


November 14 and before 


10-59 ±0-79 


November 15-19 


8'57i0>73 


November 22 


November 23 


November 24 


November 25 


November 26 


8-20 ±0-51 


November 27 


November 28 


ll-24±0-71 


November 30 


11-82 drO-S9 


December 1 


11-73 ±0-74 


14-82 iO-83 

12-33 i0-9fl 


Doceml^or 2 


10-53±0-82 


December 3 


December 4 


9-23 ±0-67 


December 5 


December 6 


ll-99dh0-8r> 


December 7 


December 8 


December 9 


ll-83±0-53 


and after without date 


13-88 i;0-93 


Bolls together 


12-36±0-19 


Avekagb 


10-81 ±0-87 


13-99±1-I3 
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STUDIES IN GUJARAT COTTONS, PART Y 


B, D-6. 


Date of flowering 

Seed -weight 

W(!igbt of lint jier 
WJed 


1924-25 







Novemlwr 14 and before 






11 '27 ±1-07 

15-6 ±1-48 

Novein])er 15-18 







9-32 ±0-84 

14-01 ±1-31 

November 19-21 







10-81 ±0‘82 

14-8 ±1-13 

Noveml^er 22 







10-2 ±0-91 

15-6 ±1-40 

November 23 







14'8fl±l-58 

18-67 ±1-98 

November 24 




0 



Il-fi8±0'(i4 

15-35±0-92 

November 25 







12'fil ±0-85 

17-5 ±1-16 

November 2G 







14-8 ±0*83 

21-2l±l-l8 

November 27 







IG'l ±0-92 

20-6 ±1-17 

November 28 







15-20 ±0-80 

20-1 ±1-06 

Novemtor 29 







13-08i0*87 

15-30 ±1-02 

November 30 







10*9 ±0-89 

14-6 ±1-19 

December 1 . 







14-90 ±0’79 

21-87±1-10 

Deceml)er 2 . 







14-7 ±0-86 

19-38 ±1-19 

December 3 . 







I0-36±0-95 

21-59±1-16 

December 4 . 







16-2 ±0-91 

22-2 ±1-25 

December a . 







16-2 ±1-02 

20-9 ±1-3 

December 6 , 







14-95 ±0-87 

21-57 ±1-26 

December 7 . 







12-54±1-13 

18-13 ±1-63 

December 8 . 







13-4 ±0-83 

19-i6±l-l 

December 9 . 







13-1 ±0-57 

19-5 ±0-76 

and after without date . 






22-07±2-29 

' 27-3 ±2-85 

Bolls togetlier 







16-8 ±0-20 

21-3 ±0-29 





AVEBACITi! 


13-85 ±0-96 

18-9 ±1-30 
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I-A Cylindeical Boll. 


Date of flowering 




Seed-weight 

Weight of lint per 
seed 

19 

November 14 and before . 

24 25 





8-96 ±0-50 

11 -99 ±0-67 

November 15 






6-61 ±0-72 

lM9±l-22 

November 16 






14-30 ±1-42 

18-31 ±1-82 

November 17 






9-18±l-06 

15-66±1-81 

November 18 






802 ±0-83 

12-75 ±1-32 

November 19 






9-61 ±0-95 

1M2±1-10 

November 20 






11-34 ±0-83 

10-03 ±0-78 

November 21 , . 






9-06 ±0-90 

9-45 ±0-94 

November 22 






11-8 ±1-04 

13-19±1-16 

November 23 . . 






10-17 ±0-74 

14-43±l-06 

November 24 






11-69 ±0-62 

15-09±0-8l 

November 25 






9-97 ±0-60 

12-85 ±0-72 

November 26 . 






8-94 ±0-53 

11-97 ±0-71 

November 27 






15-18 ±0-87 

17-37±l-00 

November 28 . . 






12-82 ±0-77 

15-81 ±0-94 

November 29 . ; . 






8-64 ±0-71 

11-97 ±0-99 

November 30 






10-46 ±0-75 

12-79±0-92 

December 1 , . . 






10-51 ±0-64 

13-02 ±0-79 

December 2 , 






11 -26 ±0-76 

13-51 ±0-92 

December 3 • . . 






9-30 ±0-56 

11-17 ±0-68 

December 4 , . » 






8-44 ±0-64 

8-94 ±0-69 

December 5 , 






11 -69 ±0-78 

15-62 ±1-03 

December 6 . . . 






12-56 ±0-90 

16-13 ±1-08 

December 7 . . . 






9-18 ±1-03 

ll-28±l-27 

December 8 . . . 






8-91 ±0-77 

8-75 ±0-76 

December 9 . 






13-33 ±0-51 

16-40 ±0-63 

After without date . 






18-12 ±1-31 

18-90 ±1-37 

and all the bolls together 






13-82±0-18 

14-68 ±0-15 


Aveeage 


10-74 ±0-80 


13-34±101 
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Selection II (Broach). 


Date of flowering 

Seed- weight 

Weiglifc of lint per 
seed 



1924-25 






November 11 anfl before . 





10-9±0v58 

14-1 ±0-74 

Novem1)er 1.5 







11*6 sfel-66 

13-66 ±1-90 

November 10 







14-6 ±1-80 

23-5 ±2-89 

November 17 







11-7 ±1-09 

13-07 ±1-22 

November 18 







17-2 il-45 

20-8 ±1-75 

November 19 







14'04±l-24 

18-1 ±1-60 

November 20 







1 3-82 ±1 -,80 

13-86±l-32 

November 21 







13-9 ±0*98 

16-8 ±1-19 

November 22 







12-.8 ±0-91 

15-44±M5 

November 2.8 







11-8 ±0-89 

15-62 ±1-18 

November 24 







12-29 ±0-75 

17-4 ±1-03 

November 25 







15-01 ±0-88 

19-7 ±1-1G 

November 2G 







12-824:0-86 

18-55±l-26 

November 27 







12-7 ±0-95 

15-9 ±1-08 

November 28 







16-7 ±1-34 

19-9 ±1-60 

November 29 







13-3 ±1-6 

17-56 ±2-1 

November 30 and after 






14-05 ±0-37 

17-5 ±0-47 

AH bolls together 







16-07±0-23 

17-83-10-23 





Average 


13-45 ±1-10 

17-14±l-,89 
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APPENDIX II. 

Average number of days of maturity of bolls, 1923-24 (Surat). 
Selection IL 


Date of flowering . No. of days 

Noveinljer 28 and before OiVt> 

November 29 . . . . . . . . . . , . 

November 30 . . . . Cd'o 

December 1-2 , . Of-O 

December 4 . ..... , . , , , . C4-2 

December 5 02-S 

December G . . , . , 04*2 

December? G2'0 

December 8 G4‘3 

December 9 . . . . 6G-0 

December 10 . , . ^ C4.'fl 

December H , OS'S 

December 12 . . . . . . . . . . . , 07*0 

December 13 . . . G5*4 

December 14 G4-9 

December 15 . . . 65*2 

December 16 65*0 

December 17 , . . . • . . 65*8 

Deoemter 18 . . . ... . . . ... U5*S 

December 19 . , , . . 05*8 

December 20 65*1 

Decemter 21 . . . . . 65*0 

’December 22 . . . . . . . . , . . . 65*5 

December 23 , . . . . . . . . , . . 65*.5 

December 24 . . . . . 63*9 

December 25 64*8 

December 26 . . . . . . 04*3 

December 27 . . . ... 64*2 

December 28 . . ... . . ... , . 64*3 

December 29 . . . 64*3 

December 30 . , , 63*8 

December 31 . . ... . . . . . . . 64*0 

January 1 ... . . . 62*8 

January 2 . . . ... . 63*3 

January 3 63*1 

January 4 . . , . . 63-0 

January 5 . . . . . .... , . . 63*2 

January 6 . . . . ... . . . . , 61*9 

January? . . • • • . • . ... 59*2 

January 8-9 . . . . . . . . . , . . 6,i*i 

January 10 , . . . , . , . . . . . 60*0 

■ B 
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Date of flowering 
Doeem])er 9 and before 
December 10-11. 
December 12-M. 
December 15 . 

December 10 
December 17 
December 18 
December 10 
December 20 
December 21 
Deco jn her 22 
December 22 
December 24 
December 25 
December 20 
De{3eml)er 27 
December 2S 
Decemlior 20 
December 20 
December 31 . 

Jamiary 1 . 

January 2 
January 3 
January 4 
Jamiary 5 
Jtinuary G 
January 7 . 

January 8 
January 9 
January 10 


Date of floAvoring 
December 5 and before 
Decendter 0 
December 7 . 

Becemlior 8 . . 

December 9 
Docernbor 10 
December 11 . 

December 12 
December 13 
December 14 
December 15 . 

December IG , , 


I-A Long Boll. 


No. of daya 


00-8 
riO-2 
GO- 1 
05-2 
05-7 
05-9 
60-;} 

04- 7 

05- 2 

04- 0 

03- 7 

05- 9 
(M-S 

04- 0 
03-7 

03- 7 

0- 1-7 

04- 0 
04-4 

03- 0 
02-8 

04- 5 
04-0 
61-2 
02-7 

01- 4 
00-3 


B.-I. 


No. of days 
W)-9 
09-0 
00-9 
59-3 
02-1 
00-3 
01*0 
03*7 
02-0 
0 , 1-0 
03*7 
05-0 


ME-L And make 


20t 


2>ate hf fluv 
l)(3c-Dmber .17 
Iteteniliur 18 
riecejiiber lii 
Decern }.iur 20 
Deeouibor 21 
December 22 
De(;eniber 23 
Docejubor 2-1 
Deoembor 25 
Decoiubcr 2(1 
Det;em}xu" 27 
December 28 
December 29 
December 30 
December 31 
(binuary 1 
January 2 
January 3 
.January 4 
.January 5 
.Tanuary 6 


Date of flowering 
December (i and befoi 
December 7 
December S 
December 9 
December 10 
December 11 
December 12 
December 13 
December 14 
December 15 
December 1(1 
December 17 
December 18 
December 19 
December 20 
December 21 
December 22 
December 23 
December 24 . 

December 25 
December 2(1 
December 27 
December 28 


1027 A. L. F. 


Ko, of tl.'iys 
04-7 
(15-5 



No. of days 
(il-i) 
li'l-d 
(W-f.) 

01 •'.) 

00*2 

OO-u 

00-2 


1924-20. 


Date nf iloWGfing 
November 22 and bcfcu'o 
Novoiaber 23 
November 24 
November 25 
November 20 
November 27 
November 28 
November 29 
November 30 
Docomber i 
December 2 
Docemter 3 
December 4 
December 5 
December 0 
December 7 
Decemter 8 
December 9 
December 10 
December 11 
December 12 
December 13 
December 14 
December 15 
December 10 
December 17 
December 18 
December 19 
December 20 
December 21 
Beeember 22 
December 23 


STUDIES IN GUJABAT COTTONS, PABT V 

1027 A. L. F. — contd. 


Date of flowering 
Deeeml,)er 29 
December 30 
December 31 
January 1 
January 2 
January 3 
January 4 
January 5 
January 10 


No. of days 
71 -0 
70 -4 

70- 5 

71- 7 
72 '9 
72'2 
74*1 
71-8 
71 ’9 

71- 2 

72- 8 
73*1 
72*8 
73*3 
72*7 
73*2 
72*0 
73*0 
73*2 
72*9 
72*0 

• 70*3 
71*3 
71*8 
72*0 
72*8 
72-3 
72*0 
70*9 
71*4 
72*2 
72*2 


1027 A. 


L. F. 
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1924-25-“C0?if<Z, 

1027 A. L. F. — conld, 

Dale, of ^io^^ering No. of days 

Decemter 24 , . . . . . . . . . . , 7O.7 

Deoember25 . . . . . . . , , ... 72-1 

December 20 . . . . . . . , _ 70.2 

Dceejnber 27 . . . . . . . , . , , _ 7O.7 

December 28 and after . .... . . . . . 70‘0 


Selection II. 

Date of flowering No. of days 

November 22 and before . Og.j 

November 2:.{ . . . . . . . . . . . _ 07-0 

November 24 . . . ^ (37,5 

Novoni ber 2b , ^ 70.(3 

November 20 ... . 7(3.(j 

November 27 . , . . . . . , . . . . 7] •;> 

November 28 , . . . . . , . , . . (5(3.7 

November 29 . . . . . . . . . . . , 70.0 

November 30 . , . . . . . , . . , ^ 7(3,2 

December 1 . . . . j 

December 2 704) 

December 3 ^ gQ.g 

December 4 . . . . . ^ gjj.g 

Decembers . ^ 69*6 

December G , , . . . . . . . . . . tig-g 

December 7 . . . . . . ... . . , 7(3.j 

December 8 . . 70.13 

December 9 (510.7 

Decemljer 10 • . . _ 

December 11 . . ^ 7(3,(3 

December 12 . . . gg.y 

December 13 

December 14 , . . . 67*3 

December 15 , . . . . . , . ... . . qq.q 

December 16 . . . . 

December 17 . _ 7Q.g 

December 18 

December 19 6<).g 

December 20 . . . ^ ^ gg.g 

December 21 . . . . . ... . . _ (>g.(3 

December 22 , , . . . . . .... (jg.g 

December 23 . , (53.9 

December 24 . . . . . . . . . ^ ^ gg.j 

December 25 , . . , . , . . ‘ . . 3 gg.^^ 

December 2G . . ... . . ... , , 59.2 

December 27 . , v . . . . . . . ^ g7.g 

December 28 and after . . . . . . . . . ^ g7.| 



gxjJaeat cottons, part V 


appendix No. II. 


of bolls, 1924-25 (Broach). 


Average namber of days of maturity 

Selection IL 

Date of flowering 

NovemlHir 14 and before . • • 

November 15 . • • * 

■November 10 . • • * ’ 

November 17 • » • 

November 10 . . • 

November 19 . • * 

November 20 

November 21 • • • • ' * 

November 

November 23 . . • * 

November 24 . * * • • 

November 25 . • • ■ • 

November 20 . • 

November 27 . • • • * * 

November 28 . . • * * ' 

November 29 . . • • • * 

November 30 . . • • 

December 1 . . • • 

December 2 • 

December 

December 4 

December 6 . • • • • 

December 6 . 

December 7 . . • - * 

December 8 . • • • • * 

December 9 and after . • • * ’ 


Date of (lowering 
November 14 and before 
November 15 
November 16 . 

November 17 , 

November 18 . • 

November 19 . 

November 20 
November 21 . 

November 22 . 

November 23 . 
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B. D.-4. — eontd. 


Date of flowei 
Nnveniljer 24 
Noveitiher 2r> 
Novem])er 20 
November 27 
Xuvember 2S 
November 29 
Novemlxa' 30 
Decem])er 1 
December 2 
December 3 
.De.(;embor 4 
December ii 
December 0 
December 7 
December 8 
December 9 and 


No. of days 
74-3 


I-A CyLiNDRicAT. Boll. 


Date of flowering 
November 14 and before 
November 15 
November Iti 
November 17 
November 18 . 

November 19 
November 20 
November 21 . 

November 22 . 

November 23 
November 24 
November 26 
November 2U 
November 27 
November 28 
November 29 
November 30 
December 1 
December 2 
“December 3 
December 4 
December 5 
December 0 
December 7 
December 8 
December 9 and after 



GUJAEAT COTTONS, PART V 


STUDIES IN 


B. D-6. 


.No. of clay] 

r)7‘r> 

<;rjT> 
('.‘>•0 
71-S 
(19-0 
70-7 
()S’7 
71 '.I 

70- 7 

71- () 
7.1-9 

72- {> 
72-:.? 
72*5 
7:V2 
71-5 
72*5 
71*7 
73*1 
72*2 
72*5 
71-9 
72*2 
71*7 
72*S 
72*;} 


Date of flowering 
November 14 and before 
November 15 
November IG . 
November 17 . 

November 38 
November 19 
November 20 
November 21 
November 22 . 

November 23 
November 24 . 

November 25 . . 

November 2G . 

November 27 
November 28 
November 29 . 

November 39 
December 1 
December 2 , 

December 3 . 

December 4 , 

Decembers 
December G . 

December 7 . . 

December 8 
December 9 and after 
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APPENDIX III. 

Correlation frequency of lint weight and seed w- 
Selection II at Sueat. 
Seed weight 


trams. 


Italic flgiires show number of bolls with very few seeds. 




STUDIES IN GUJARAT COTTONS, PART V 
Correlation frequency of Unt weight and seed weight from holi to boll, 
Selection II AT Broach. 

Seed wdght in niilUgrwns. 


Italic ligtircH sliow number of bolls witii very few seeds. 



November 21 
November 22 
November 23 
November 24 
November 25 
November 26 
November 27 


December 5 
December 6 
Tipf'l'TYThPlT 7 
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20-9 

214 


204 

21-8 


November 28 
November 29 
November 30 
December 1 
December 2 
December 3 
December 4 


174 


164 

16-8 


APPENDIX IV. 


Date of flowering 
November 14 and before 
Novemb(‘r 14 
Nov(;mber 15 
November 1(» 

November 17 
November 18 
November 19 
November 20 


Average number of seeds per boll, 1924-25. 
Selection III. 


No. 

224 

19-6 

19-3 

204 



STUDIES IN aUJARAT COTTONS, PART V 

i-A Cylindrical boll (Broach). 


Date of flowering 


November 14 
November 15 
November 16 
November 17 
November 18 
November 19 
November 20 


November 21 
November 22 
November 23 
November 24 
November 25 
November 26 
November 27 


November 28 
November 29 
November 30 
December 1 
December 2 
December 3 
December 4 


December 6 « . 

December 6 . . 

December 7 
December 8 
December 9 and after 
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Selection II (Subat), 

Date of flowering No. of seeds 

November 22 19.0 

November 23 

November 24 . . . . . . . . , ^ ^ ^ 

November 25 ... . . . . . . . ^ ^ 20-9 

November 26 . . . . . . . ... . . ig.g 

November 27 . , . ^ ; jg.^ 

Novcmber28 . . . . . . . . . . , ^ ig.g 

November 29 . . ^ 204 

November 30 . 20-6 

December 1 , 

Deeember2 * 20-5 

Decembers 

December! . . . . . . , . . . ^ ] jg.g 

Decembers 20-3 

December G . , . , . 

December 7 .*.*.’.* 18-8 

Decembers jg.g 

December 9 ’ 

December 10 

December 11 

December 12 ............ 19. 

December 13 . , ... 


December 14 


December 15 


December 16 
December 17 
December 18 
December 19 


MGIPC--M—IV.2-71— 22-5-1928— 660. 


December 20 . , . , , 

December 21 . , , . . , 

December 22 . . , . . , 

December 23 , , . , . . . , . 

December 24 ..... 

December 26..., 174 

December 26 and after . . , . . , , . . ^ 

Avebage 


20-1 

20'1 
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STUDIES IN TI-IE SHEDDING OF MANGO FLOWERS AND 
FRUITS, PART I. 


by 

P. V. WAGLE, M.Ag. 

{Received for publication on 12th September 1927.) 

Inteoduction. 

The mango is the premier fruit crop of the Bombay Presidency and in certain 
districts, notably in Ratnagiri and Thana, it forms the basis of considerable com- 
mercialised fruit industry. The whole status of the industry is rendered very un- 
certain, however, by the very great loss of flowers and fruit which occurs annually 
through shedding. The loss is always very great, but the variation in difl'erent 
years is enough to make the production in some seasons not more than a quarter 
to a third of that in others, while in each year, in one area or another almost the whole 
of the crop is lost. 

This loss of crop through shedding of flowers and fruits, on trees whose flowers 
appear normally, is known locally as ‘ mango blight ' and has been attributed to a 
multitude of causes. In popular estimation it is connected with the occurrence of 
rainy or cloudy weather or of excessive dew at the time of flowering and formation 
of fruits^. Its partial connection with certain species of jassid hoppers {Idiocems) 
has been considered as proved 2 s 4_ frequent occurrence of mildew on the 

inflorescences when shedding is going on has been noticed, though the connection of 
this fungus with the shedding itself has hardly been hitherto demonstrated. Other 
workers ® have connected the loss with the infertility of a large proportion of the 
pollen, as a result of vegetative propagation through many generations ; and, 
finally, Popenoe® ’ has concluded that the problem is a physiological one connected 
with nutritional conditions, as influenced by changes in soil moisture and food supply, 
principally the former. 

The matter is of sufficient importance to warrant a study of the whole question 
of the sliedding of mango flow^'ers and fruits on a somewhat broader basis than has 

^ McMumim, S. M. The Antliracnoae of the Mango in Florida. U. 8. Dept. Agri. Bull. 52 (1914). 

® Ballard, E. Mango hopper control experiments. Agri. jour, of India, Vol. X (1915). 

3 j-iusain, M. A., and Pruthi, 11. S. Some experiments to control mango hoppers. Eept. Proc. 
Fourth Ent. Meeting, Pum (1921). 

_ * Note on Mango hopper and mildew. Jour. Mysore Agri. and Expt. Union, Vol. Ill (1921). 

“ .Jivau Rao, P. S. Pollen .sterility in relation to vegetative propagation. Jour. Madras Agri, 
lyrnoa, Vol. XI, Nos. 9 and iO (1923). 

» Popenoe, W. The pollination of Mango. Z7. N. Dept. Agrri. jSmZL 542 (1917). 

7 Popenoe, W, i\]iimij\l of Tropical aijd fSub-Tropical Fruits (1929), 
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(tlianks to funds provided by the Sir Sassoon David Trustees) to oommeuce the 
investigation of the problem in the centre of the most importaub Jiiaiigo producing 
area of the Bombay Presidency, Batnagiri in the Konkaii. The present inoinoir 
brings together most of the data hitherto obtained. 


£ iRunis \y., and Prayag, «. H. Notes on the InftoreKOiiw and Eiowf'r of (he Alango 'I'lve. Puutta 
Agn. Coll. Magazine, Vol. II (JUll) p. 220. 

Popentje, W- The PoUiaation of tlio Mango. U, a, f)e.pf., AgrL Hull. rA2 (1917). 


Mango INFLORESOBNCE. 

The inflorescence of the mango has been several times described in detail in 
recent years \ but the main point of importance in the jiresent discussion is tlie fact 
that by far the largest proportion of the flowers in the inflorescence arc stamiiiate 
or male. The inflorescence, in fact, consists of both hermaphrodite or complete 
flowers and staminate or male flowers, and in the variety most largely and, indeed, 
almost exclusively cultivated in Western India on a commercial basis, — the Alplvonso 
or Hapiz variety, — the proportion of complete flowers is very small. As all the 
author’s experiments have been made with this variety, the normal position in. this 
case may be indicated, 

A very cursory examination of the inflorescences even of a single tree, and even 
when they are produced at the same time of year, shows that the proportion of niaJt'. 
to complete flowers is very variable indeed. Taking the season as a whole at .Ratua- 
giri, a study of seventy- three different inflorescences showed in 1925-26 a variation in 
the proportion of complete flowers from 2 to 55 per cent. In 1920-27 an examination 
of 319 flower heads sliowed a variation of from 0 to 30 per cent, of C(,>mplete flowers. 
We have now to study the fact of this extraordinary variation and to attempt to 
coiTclate it with other factors in determining the clianictor of the iiifI,orescenc.e. 

Trom the results of 1925-26, details are available with regard to forty infloj'es- 
cences occurring on thirteen trees. A Ml statement will he found in Appendix I. 
But the figures show that out of forty cases— 

2 casea gave under o per oeiit. of ciomplete flowers. 

(l eases gave from 5 to 10 per cent, complete flowers. 

10 caHe.s gave from iu to 20 „ „ 

7 oases gave from 20 to 30 „ „ 

8 cases gave from 30 to 40 „ „ 

5 cases gave from 40 to ,50 „ „ 

2 cases gave over 50 per cent, complete flowers. 

In 1926-27, the proportion of conijflete flowers was far lower than in the pu'.vious 
year, and an examination of 319 inflorescences from seventeen trees gave* the fol- 


205 ease.s gave under 5 per cent, of comploto flowers. 

27 cases gave from 5 to 10 jier cent, of comploto fl<nvors. 
21 cases gav6'ilr’qm 10 to 20 » 

.' A cases gave from 20 to 30 „ „ ,, 

^2 cases gave from 30 to 40 „ „ 

No cases gave over 40 per cent, of conii}ilote flowons. 


PLATE 1. 
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It is difficult to account for the very great difference between the two seasons, 
and it would seem to indicate some very deep distinction in the weather characters 
at the time the inflorescences were forming. But this deep distinction is not easily 
detected from, the records. 

Considered as a fruit producing season, the year 1926-26 was very unsatisfactory, 
being a year following an extrao.i*dinarily abundant crop. The flowering was very 
late and scarce, and only started early in January in Ratnagiri instead of, as usual, 
in November. The flowering this year was in fair flushes, which were not, however, 
very distinct. The first and the largest took place in the first week in January, 
and the height of each of the others followed at an interval of about a month. Except 
early in January there was no cold weather, in contrast to the previous year when 
long continued cold weather occurred. Plate II shows this difference clearly. 
There was rain in November and January, which was exceptional but no rain from 
February onward and little dew. 

In 1926-27 the season was on the whole a good one. The flowering took place 
in three fairly distinct fluslies in November to December, early January and early 
February. There was no rain during the flowering season, but much deAV during 
February and March. 

The following Table shows the rainfall, month by month, in the three seasons 
ending 1927. 


Table I. 

Ram fall at Ratnagm, 19:: 4-27. 



19-24 

192,5 

1920 

1927 





In. 

In, 

In. 

In. 

June 




29-2S 

29-24 

20*98 


July 





14-24 

33*84 


August . 




IPOf) 

21*17 



Sei>teinbor 




8-10 

4*20 

12*90 


Uciobor . 




2-12, 

1*87 

1*37 


jSJovomboi’ 




nil. 

Mo 

nil. 


Deeeniber 





nil. 

nil. 


January . 






o*or> 

nil. 

jf’ebi'uary 






nil 

nil 

Maroh 







nil. 

A])ril 







0*04 ' 

May . 





1*3 


0*42 


It would seem from this that the large proportion of complete flowers in the 
inflorescences in 1925-20 accompanied an unusually small amount of flowering. In 
1926-27, when flowering was generally much more profuse, the proportion of coin* 
]flete flowers, capable of jiroducing fruits, was very much lower. There seems some 
evidence that the absence of cold weather discourages flowering, but it is by no moans 
conclusive. 
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Two points of interest now arise. Is tlie variation in the proportion of eoinploto 
flowers during the same season due to (1) the individuality of trees, or, in other 
words, is the variation on one tree less than the general variation abov(^ noted and 
(2) the time of the season when the inflorescences are formed, or, in otiier words, 
is the proportion of complete flowers different in the first, second and third flus])es? 

The second point may be first considered, apd in this matter data can only be 
presented for 1926-27. Bnt here the proportion of comflete flowers in the inflores- 
cences of the diflerent flushes found by eyamination of a large nunibor of such 
inflorescences was as follows:— . • 

Table II. 


Pro'portion of e&ni'phte flower in different flMshes 1926-27. 


Flush 

Number of 
inflorescences 
examined 

Range of 
variation j 

Average 

ist flush . . . . . . 1 

■ 

lofl 1 

])cr cent 

0 to ir>-i 

])e i- tfent. 

I'B 

2ncl flush j 

80 

0 to 3-f O 

7-0 

3rcl flush 

1 

80 ■ 

0 to :h)-2 

3-4 


The proportion of flower neads with different j^ercentages of coinplote flowers in 
the inflorescences is shown in the following table. 


Table III. 

Proportion of flower heads with diffe.ent percentmjes of convplete (lowers, I9l 6-27. 


Percentages of complete flori'crs 

NuMBEU oil' INDIVIDITALS 

First flusli 

Second flush 

Third flush 

O’O to 0‘25 . 





271 



0-25 to 0-5 . 





14 y 

5 

21 

O-o to 1-0 





31 / 



1*0 to 1-5 





3n 








y 

19 

13 

1-5 to 2-0 





isf 



2-0 to 2-5 





15) 



2-5 to 3-0 





• ol . 

15 

27 

3-0 to 4-0 





7 / 1 



4-0 to G'O 





« 1 

12 

5 

C-0 to 10-0 . 





' ■ ' ! 

r 9 

9 

10-0 to 14-0 . 





4 ■ i 

d 10 

4 

14*0 to 20-0 . 






1 () 

1 

20'0 and above 






■ 4 







159 i 

' ■ 80 

80 , 


These figures w’ould suggest that the proportion of complete flowers is likely to 
ho higher in the second flush, that is to say, in tlie middle of the flowering scjaaon, 
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tiian in tlie first and third. This conclusion may be considered, however, as very 
tentative. It may he noted that tlie inflorescences of the first flush were very large, 
much larger than the later ones. Thus the average number of flowers (complete 
and stamiuatc together) in the flowerheads of the first flush was 6,101 (from a 
study of 20 flower heads), in those of the second flush was 2,435 (from a study of 
10 flower heads), and in those of the third flush was 2,6S9 (again from a study 
of 10 flower heads). It is, therefore, possible that in larger flowerheads the pro- 
portion is likely to be low irrespective of the flush, and that the low proportion in 
the first flush is likely to result because the flowerheads of that flush are 
usually large. The average proportion of complete flowers in inflorescencc.s of 
different sizes, taken from all the flushes, was as follows in 1926-27. 

Total nil ruber of liowens per inflorescence Average propor- 


Below 2,000 

2.000 to 4,000 

4.000 to 0,000. 
0,000 to 8,000. 
Over 8,000 


Average propor- 
tion of complete 
flowers 

5‘34 Dcr cent 
3-47 
2-40 
1-53 
1-54 


These figures certainly suggest that the large flowerheads do have a smaller 
proportion of complete flowers, and it may be noted, in passing, that this agrees 
with the opinion of the mango growers, who look upon largo inflorescences as largely 
barren. 

As regards the individuality of the different trees in the matter of the proportion 
of complete flowers we have records from a number of flowerheads on seventeen 
trees. Eight of these are from trees which chiefly flowered in the first flush, and 
nine from trees which gave its principal crop in the second and third flushes. The 
following are the results tree by tree. 


Table IV. 

Proportion of complete flowers on different trees. 
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Table IN—contd. 



■When we compare these figures for individual trees with the general range for 
all flowers of each flush taken together (Table III) it is seen that the range on one 
tree may be nearly as great as for tlie whole of the inflorescences on a number of 
trees and hence it cannot be considered that a large proportion of complete flowers 
or mce versa is characteristic of particular trees. 

The number of complete flowers in any inflorescence represents the maximum 
possible fruit production. But the aciwaZ fruit production is, under any circums- 
tances, very small in relation to the number of such flowers. In country seedling 
mangoes the number of fruits may go to eight or ten per inflorescence, but in the 
Alphonso variety, the maximum the author has ever seen is five ripe fruits per 
inflorescence. This number is, however, very rare. Four fruits per flower head 
is uncommon, and three not very frecpient. Most inflorescences prrxlucc not more 
than one or two. And yet the proportion of flowers fertilised is very largt^ and the 
number of fruits actually formed is from four to twelve times as many as tiu^ number 
that finally mature. The actual figures from a detailed Htudy of seven flow(}rIu^a,(ls 
1925-'2C and of twenty flowerheads in X92G-27 gave thejollowing figures. 


■STuinber of trees 


Number 
of flower 
examined 


Peecentage of complete jlowles 


Range 


11, Main flowering in 2nd and 3rd flush. 


32 

per cent. 

0-0 to 7'4 

16 

0-1 to 27'5 

16 

1*0 to 6-8 

16 

0-0 to 10-8 

10 

(H)to34-<) 

1(5 

1-0 to 3()-2 

8 

1*5 to IM 

8 

0*0 to 8*0 

8 

1 0*4 to 4*3 


per (?0!ii'. 

1- 7 

6-2 

3'4 

;?•(» 

4-() 

ti-7 

2- J. 
2*7 
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Table V. 


Proportion of complete flowers shed in different stages. 



1925-26 

1926-27 

Fiowoi'iieads esuniiiied . . . . . 

7 

20 

Total complete flowerti in these heads . . . 

1,558 

2,151 

■ . * ■' 

Per cent. 

Percent. 

Prr»poi:iiou shed before fertilisation . 

38*4 

53‘5 

Proportion shed just after fertilisation . . . 

56-4 

41 -3 

Proportion shed beforcs fruit is of the .size of a marble 

30 

4-0 

Proportion shod at later stage . . 

0-8 

0-9 

Proportion forming mature fruits . . . . 

0-8 

0-3 


It is to tlie stiicly of the causes of this enormous amount of sliedding that the 
reina-inder of the present memoir will be devoted. 


Plan and method of study. 

Starting with the idea that the shedding of flowers and fruits might be due eitlier 
wholly or partly to (1) mango jassul hoppers, (2) mildew, (3) rainy and cloudy weather, 
(4) excessive dew and (5) lack of available plant food, observations were made in 
order to And out the relation of these different causes to the phenomenon under 
study and experiments were planned to examine the effect of each of these indivi- 
dual factor separately. More attention has been paid to the first two factors, 
namely, mildew and jassid hoppers. For studying the nature of the flowers, they 
were carefully examined and a record of the sex of the flowers in all the flowerhea(i 3 
has been kept. For the study of Jassid hoppers and mildew, seven sets of flower- 
heads were treated as described below and their behaviour noted from time to time. 
Ten flowerheads only could be treated during the first year and forty during the 
second year in each set of the experiment. Flowerheads for each method of 
treatment were in most of the cases selected from the same tree and even from the 
same branch. 

1. Under open conditions, with no treatment. 

2. Under open conditions and sprayed with Fish oil rosin soap to kill hop- 

pers ; but not sprayed for mildew. 

3. Under opeii conditions, and sprayed against mildew with Bordeaux mix- 

ture ; but not sprayed against hoppers. 

4. Under open conditions and sprayed with a mixture of Fish oil soap and 

Borden, ux mixture to destroy both hoppers and mildew. 
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5. Bagged to exclude hoppers and no other treatment. 

0. Bagged to exclude hoppers and inoculated with hoppers, 

7. Bagged to exclude hoppers and inoculated with niildew. 

For studying the question as to whether the loss of flowers and fruits is brought 
on by insufficiency of plant food or water, manuring and irrigation experiments were 
also conducted and these plants were also kept under observation. 

With a view to find out what happens to the numerous flowers, ajipearing on a 
flowerliead, a large number were kept under close observation. The shed flowers 
and fruits from all tlie flowerheads under treatment were collected every alternate 
day during the first year and once every week during the second year, from the bags 
in the case of the bagged flowerheads, and in big tin funnels, provided with cloth 
bags at the bottom in the case of the open flowerheads. After a careful examination 
under a lens, the flowers and fruits were separated and classified according to the 
size and cause so far as this could be made out from the external symptoms. Those 
for which no explanation could be given were classed as unknown. 

Besides weekly notes were kept after careful inspection of all the flowerheiids 
as regards the extent of infection of hoppers, mildew, etc., and also the setting of 
fruit. These were compared from time to time with the actual shedding from the 
different causes. The results of various methods of treatment will be detailed later. 

Details of the method of treatment. The work of the first year having started very 
late, flowerheads of the first flush could not be taken up for treatment. But of the 
ten taken, five were from the second and five from the third flush. In the second 
year, out of the forty flowerheads, twenty were from the first flush, ten from the 
second and ten from the third. 

Sprayings of Bordeaux mixture (5'5-50) and Fish oil rosin soap solution (1 per 
cent, strength of the soap manufactured by the Government Soap Factory, Calicut, 
was used during the first year, while during the second year per cent, strength of 
the soap prepared by the Dharamsi Morarji Chemical Co., Ambarnath was found 
quite effective) and a combined spray of both in the same proportions were given 
during the season to the respective series according to the requirements till the fruits 
had developed, The dates of the sprayings are as under : — 


Thinl lltish 


5fcU Fob. 
lU.h „ 
iilHt ,, 
;ic(i March 
17I,h „ 


Table VI. 


Dates of spraying mango trees. 


1925-26 

1920-27 

No. 

Second flush 

No. 

Third flush 

No. 

First flush 

No. 

Second lliiah 

No. 

1 

25th Feb. 

1 

3rd March 

1 

10th nets. . 

1 




Sth March 

2 

17th „ 

2 

21st „ 





17th „ , 

3 

24th „ . 

3 

27Ui „ . 



ti 

■ ■ 4 

24th „ , 

4 

3th April 

4 

7th Jan. 

•4 

lOthFei), . 

4 

5 

6 

1 8th AprU. . 
16th „ 

5 

i 10th „ . 

! -5 

22a.l „ . 


! 3ril March , 
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Certain, inamiriiig experiments were conducted to see if the bliglit be duo to want 
of food supply. The manures were given in two dos(js in Fobruajy and Marcii 
dm'i Jig ibe first year and in September and Docember during the second y<jar. 
The details of tlio manures is given below. Tlie quantities arc p<jr trijc. 

Table IX. 


Muuwml treatments used. 


1025-2l> 

1 :l<J2(i-27 

1ST Bosk 

2NI) I)OSJ!l 

1ST DOSK 

2NI) .1)0815 

Niime of nianuro 

Qiian- 

tifcy 

Name of maunre 

QuaU' 

tifcy 

Name of mamirc 

Quan- 

tity 

Name of manure 

Quan- 

tity 


lb. 


11). ! 


U). 


111. 


3 

Sulpliate of 


(1) Bone super- i 

0 

(1) Bono super- ' 

4 



amiiioiiia. 


phosphate. 


phosphate. 


Bniii! Hupw-plios- 

6 

Bime siijiM plios- 

4 j 

(2) Boue super- 

0 

(2) Bono sillier- 

4 



pliatc. 


phosphate aiui 


phatc and 






nitrate of soda. 

4 

nitrate of soda. 






(3) Bouc snpor- 

d 

(3) Bone snper- 

4 





phosphate, nitrate 


. j)liOHphal<e, niirai.o 






of soda and 

■1 

! of soda and 






sulpliate of i 


sulphate of 






poUsh. 1 

4 

1 potash. 

j 


Tlie trees were irrigated with nearly one acre-incli. of water every week from the 
time of the application of the raaimre to the middle of A})ril ; other trecwS being watered 
for comparison . A record of the flowerlieads and the number of fruits was kept 
in each case. 

Phenomenon of flower and fruit she.d.ding. 

Figures have akeady been given Avhich indicate, for a number of complete 
fiowerheads, the actual loss by sheddijig at dilferent stages of the dovelopmoid; of 
the inflorescence. These show that in tlie two years 88-4 and 53-5 per cent, re.s- 
pectively of the complete flowers shed before fertilisation, and 564 and 41*3 p(s,r 
cent, almost immediately after fertiliisatioii before the fruit was the size of a small 
marble. Thus in both years 94*8 per cent, were shed in tlioso early stages, leaving 
only 6*2 per cent, of the complete flowers to develop fruits which even reached the 
small size indicated. 

It is now necessary to study this phenomenon in more detail. 

The shedding of the unfertilized flowers generally begins on the fourth day after 
the opening of the flower and of the fertilised ones after a week or ten days. If 
the shed flowers and fruit arc classified week by week, it is noticed that the shedtling 
increases upto the fourth week and then it gradually falls off. This can be seen 
from the accompanying table in which figures are given calculated for ten thousand 
complete flowers. The figures are only given for the third fiush of ■1926-20, when 
there were no j(mid> hoppers and little mildew and for the first flush of 19*26-27 
when there -were no hoppers and practically no mildew was detected. 



Flowers shed at different stages 
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In order to form an idea of the age of the shed fruit, ineasuroments of a number 
of growing fruit were kept from the time of the fertilization to the time of tiio harvest. 
It was observed that the fruits which are going to shed, gradually slow down in 
growth a few days before shedding and ultimately stop growtli. altog<itlicr, dry up 
and fall. I'he following may roughly be taken as the rate of growth of a healthy 
fruit. 

Table XL 


Rule of growth of a healthy mango fruit. 


Age in days 

►Size in cm. 

Average rate of 
growth i)er day 

lljSMAJiKS 

1 . 

0-1 


Unfertilised. 

5 

0-2 

0-025 

Fertilised. 

9 . 

0-4 

0-05 


17 

0-8 

0-05 


■ 25 . 

1-5 

()-()8 i 


37 . 

30 

0-13 1 


55 . • 

5-5 

0-14 


81 . 

7-5 

O-OS ! 

Mature fruit. 


With a view" to ascertain the immediate causes of shedding so far as could be 
detected from the external symptoms, the shed forms were subjected to a careful 
examination with a hand lens and certain obvious symptoms such as mildew, black- 
spots, etc., were noted. Those w"hich could not be accounted for were classed as 
unknown. The following table gives the results of such a study brr the three flushes 
on untreated trees in 1926-27. 

Table XII. 


External synipoms of shed fowers and fruits. 


Flush 

Total 
nuinlier of 
complete 
flowers 

ActoaIj 

PKIiaENTAGi: 

with 

mildew 

with 

black 

spots 

Un- 

known 

With 

mildew 

Witii 

1 black 

SlJOtS 

Un- 

known 

First , , 

2,151 

35 : 

40 

2,070 

1-02 

1-85 

1*0-22 

Second . 

1,284 

■:,1;42 

11 

1,108 

11-23 

0-87 

87-or> 

Third . 

852 

382 

7 

402 

44-83 

0-82 
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^ It will 1)0 seen from this that the shedding of a very large percentage cannot be 

' ccouiited for by any obvious external appearance. There is a large percentage ot 
i* mildew affected forms in the third flush only w’-hen there was severe mildew attack. 

1 T]]c mildew went on increasing from flush to flush. Nothing ha.s been so far ascer- 

f tained as to the nature of the black spots on the very very small fruits which appeared 

; in certain cases to be associated with this shedding. The nature and action of the 

mildew will be considered later. 

Ill filunning the experiments which have already been indicated, it was originally 
sujiposed that the treatments to be used would themselves exert little or no direct 
' effect on the falling of the flowers. This has proved not to be the case, and the 

study of the bagged flower heads in particular has been very instructive in this 
I connection. 

Taking flowerheads which were enclosed in muslin bags before the flowers 
ojieiied, the loss was very much greater than with flowers of the same trees exposed 
to the air. The number of flowerheads examined was 7 and 10 respectively in the 
“ unbagged and bagged series in 1925-26 and 20 in both cases in 1 926-27. 

Table XIII. 


Comparison of shedding in bagged and unhagged flowerheads. 



1925-26 

1926-27 


Unbagged 

Bagged 

Unhagged 

1 Bagged 

Number of complete flowers opened . 

1,558 

2.241 

2,1.51 

650 

Porcentaf;e shed before fertilisation 
J*ereentage shed after fertilization . 

38-4 

54-0 

53-5 

87*6 

60-8 

45-8 

46-3 

12-3 

Percentage of fruits ripened 

0-8 

0-2 

0-2 

o-i 


These figures show how bagging interferes considerably witli fertilization, raising 
the percentage of complete flowers, which were never fertilized from 38*4 to 54*0 
in 1925-26 and from 63‘5 to 87-6 per cent, in 1926-27. The question of the activity 
of the wind and of insects on the pollination of the mango flower is one which has 
been much discussed, and in the present case the effect of the wind is reduced and 
that of insect, s wholly excluded. 

Of tlie flowers which are fertilized, these figures gave no satisfactory evidence 
as to whether the bagging, that is to say, the absence of air movement and of insects 
causes shedding. In 1926-26, the proportion of flowers which fell after fertiliza- 
tion was larger in bagged flowers than in the open. In 1926-27 the opposite was the 
case. The actual proportion of fertilised flowers which gave mature fruits in 1925-26 
was 1*25 per cent, in the imbagged heads and 0*5 per cent, in the bagged ones. In 
1926-27 the corresponding figures were 0-6 per cent, in the open inflorescences and 
1'25 per cent, in those coiitaiiied in muslin bags. There is, therefore, no evidence 

B 



EJfect of fi'praj/s on nheddiny in mango flower 


Compktlc 

iloweis 

exajuinod 


Treatment 


(a) Boloro 
fcrtiliKatimi 


(/.) Alter 
i’ei'tilih-alion 


1. AVithout treatmout 

2. Sprayed with Bordeaux mixtuic 

3. Sprayed with Fish oil rosin soap 
4-. Combined spray of (2) and (S)* 


These figures show tliat tlie number of fruits riponetl for a given number of com- 
plete fiowers is hardly afiected by the spraying treatment. If anything the Bordeaux 
mistiu:e seems to have a somewhat beneficial elieeb, and loads to the ri[)ening of a 
slightly larger number of fruits. On the other hand, when this spray is used, there 
is a distinctly larger number of flowers which shed without fertilisation. The 
other sxjrays seem to have had little clfect at any stage of the dewslopinent of the 
inflorescence. 

Such being the normal shedding of flowers and young fruits with Alphonso 
mangoes grown at Ratnagiri and the influence upon it of bagging the flowers and 
of spraying with various materials, the next point is to determine the eflect upon it 
of two agents which have been charged with being responsible chiefly for the 
damage, — namely the ^‘assid hoppers [Idiocerus sp.) and the mildew, which are so 
frequently found in comiection with it. The experiments made have dealt cliieliy 
with the eflect on the shedding, of excluding these agents by S 2 )raying with materials 
as above mentioned which exclude their activity. Before describing the results of 
these experiments, a brief account of these two agents may be given. 

♦ Only 19 floworiieads were exammed in this case. 
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that absence of air movement or of insects has any special discidvantage, aflm: 
fertiiiiiation has been achieved. 

The eflect of spraying the flowering trees with Bordeaux mixture, with Fisli 
oil soap solution and with a combination of these two was decidedly interesting. 
Wc can, ill one case, determine the eflect of these Bjirays themselves, for in the 1st 
flush of flowers in 192G-27, there was jiractically a total abseiico of jassid hupjavrs 
and of mildew. The results, therefore, show the eflect of the sprays on the ]i.ow<irs 
thcmseve.s, the sprays being apxilietl. on dates as follows, while tlie flush wa,s going 
on ; —(1) December 16, 1926 (2) December 21, 1926, (3) Dccoiubor 27, 1926 , 
(4) January 7, 1927 (5) January 22, 1927. 

The actual results are shown in the following talile, the figures hiung from twenty 
heads in each case ; — 

Table XIV. 
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Mango jassid hopper. 

The mangi) hoppers have been considered as a very serious pest of mangoes and 
the various species of Idiocems have been several times described, the latest accomit 
being given by Afzal Husain and Priithi.* These authors only give an account 
of two species of tliese hoppers, namely, Idiocerus atkinsoni Letli and Idiocerus 
dtj-pealis Leth. In a note to the paper referred to, Kunhi Kannan has indicated that 
lie has worked out the life history of the thii'd species known to be present on the 
mango tree, namely Idiocerus niveusparsus and this last has been found to be the 
most frequent and apparently the most injurious at Ratnagiri. The notes which 
follow refer to this last named species. 

The method of studying these insects under controlled conditions adopted, was 
to enclose a fresh mango flower shoot in a small glass jar. A cloth bag open at both 
ends was prepared and carefully tied round the mouth of the jar at one end. The 
fio’wer shoot was then kept in the arrangement thus made, the other end of the bag 
being tightly tied round the branch producing the flower shoot. Tims the flower 
shoot is completely enclosed in the jar. A fertilized female adult hopj)cr with a 
swollen abdomen was caught and enclosed in the jar for one night and then removed. 
The development of the eggs was then carefully watched from day to day. 

The following notes represent the life history as thus worked out at Ratnagiri, 
which diifers markedly from that found by Afzal Husain in the I’uujal). 

The eggs are laid in the mid rib of the tender leaves generally on the low(U’ sur- 
face, or in the axis of the flowerhead. They are almost cigarshaped tapering at one 
end and slightly round at the other. They are about 1 millimeter in length. They 
hatch in five to six days. The nymphs w'hen hatched are also about I miliimet(U’ 
in length. The adidt at Ratiiagiii comes out after 10 to 11 days. Thus the whole 
life history from the laying of the eggs to the emergence of the adult hujjper is sixteen 
to seventeen days, 

Tw'o adults enclosed in the way above described laid fourteen and sixtoeii eggs 
respectively in one night. They Jiavo been noticed to breed at any time of tlie year 
provided there is suitable food material for the nympJis in the form of llo\vorheads or 
tender vegetative shoo'ts. 

The adults of Idiocerus niveosparsus are ahvays found on the leaves of majigo 
trees except at the dowering season when they mostly rest on the flower shoots. 
The same is tr\ie of those of Idiocerus clypealis. But the adults of I. atUn.soni are 
mostly foimd on the stems by da}-- and on the imder surfaces of loaves at night. 
Idiocerus niveosparsus is sometimes also seen on leaves of various species of citrus 
fruits. Adults of all the species enclosed in a cage on a mango stem without any 
foliage inside are found to die within a day, while those with foliage inside are able 
to live for a long time. This show’s that the adults feed on the leaves w^hen there 
are no flow’erheads. The hoppers are very susceptible to high temperatures, and 

* Rrocoetlings of the Kfth Eutomological Meeting, Pusa, p. 252 (Calcutta 1924). 
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die ver}'' quickly if kept in a tube in the sun. If kept in a cool place, tlioy are able 
to live for a long period. Gardens thickly planted and with shade all over, harbour 
very large numbers of them and are thus more allected. 

During the flowering season both adults and nymphs are found, wbeii ])resent 
at all, in very large numbers on the inflorescences, and, in fact, it appears as if the 
opening of tlie flowers attracts the adult hoppers from the leafy portions of the tree. 
Once there, they suck vigorously at the stalks of the inflorescence, both the rachis 
and the stalks of individual flowers. It is natural that by far the greatest damage 
is done by the nymphs, for these are very numerous on the flower head during the 
season, as will bo seen from the figures given above as to the number of eggs laid 
per hopper. 

The number of the hoppers present is very variable. In 1925-26, no extensive 
appearence of these insects occurred at any time during the season from, February 
when the observations began to the end of the fhnvering. In 1926-27, there \vere 
very few during the first two months of the flowering season, namely November and. 
December. Then, in January a very large number ap})cared at the time of tlie 
second flush of flowers. Thereafter they were very much reduced in numbers 
and were little visible during the third flush of the season. It thus appears that 
there is considerable variation in the prevalence of the insect from season to season, 
and also from period to period within each season. If this insect is the dominant 
agent in causing flower and fridt shetlding, the proportion of such shedding should 
be very widely different in different parts of tlie same season. 

We may, in fact, comjiaro the loss at each stage on twenty flowerlieads in the 
first and on ten flowerlieads in the second flush of 1926-27. The first flush took 
place in the absence of hoppers, or, at most, their presence to a very small extent. 
At the time of the second flush, they were present in abundance while, fortunately, 
there was very ittle mildew. The difference between tlie results with the first and 
second flush may, therefore, be put down largely to the hoppers. The figures 
obtained were as follows : — 


Projmiiort of shed {lowers, 1926-27. 


„ ^ — ;■■■' 1 

1st flush 

(Ho]i]iors absent) 

2nd flush 
(Ho])purs ju'esent) 

Complete flowers produced and examined . 

2,151 

1,264 

Proportion-— i 

Percent. 

.Per cent. 

a. shed before fertilisation 

53-5 

1 62‘() 

6. shed after fertilisation . ... 

‘10-3 

37-2 

c. of ripened mature fruit .... 

0-28 

0*24 
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There is, therefore, remarkably little difference in the total proportion of flowers 
and young fruits shed due to tlio presence of the hoppers. In their presence, the 
proportion shed before fertilization is greater, but the actual proportion of fruits 
rijiened is only about 14 per cent, less, which hardly suggests that these insects, at 
Ratnagiri at any rate, are the principal agent in causing loss of flowers and fruit. 

Direct experiments %vere, however, undertaken to determine the effect of the 
insects, l^y introducing them into bagged flower heads, as small nymphs. The 
number thus introduced per flower head has been shown on page 227 and varied 
from ]()() to 200 in 1925-20, to 225 to 275 in 1920-27. When they become adult 
they were allowed to escape. The results on the flower heads so treated (ten in 
number) were compared witli a similar number bagged but not inoculated, with the 
following results ; — 


Table XV. 

Elject of inoculating floimr heads loith hoppers [Bagged heads). 


— 

Floweks sued iOO 

COMPLETE FLOWEES FOKMED 

Pipe fruits 
per 100 

Shed before 
fertilisation 

Shed after 
fertilisation 

complete 
fi Owens 

1925-20 

Per cent. 

Per cent. 


1. Inocnlatecl with hoppors . . . . 

Gl-9 

38-1 

No fruits. 

2. Free from hoppers . . . . 

54-0 

45-8 

0‘22 per cent. 

192C>-27 




First flush 




1. Inoculated with hoppers. .... 

90' I 

9-9 

No fruihs. 

2. Free from hoppers ..... 

87-5 

12:3 

0'15 jier cent. 

Second flush 




1. Inoculated witli hoppers . . . 

so-:i 

19-7 

No fruits. 

2. Free from hopper.-! . . . 

S2-:j 

17-5 

0-17 per cent. 

Third flush 




J. Inoculated uith ho])per.s. , . . . 

74-G 

25-4 

No fruits. 

2. Free from hopper.s . . . . . 

76-3 

23-5 

0-18 per cent. 
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These figui’es, resulting from intensive inoculation with the iiopper, show the 
possible effect of the insect in a really serious attack. The inoculations were usually 
made by introducing from five to hfty nymphs per fiowcrhead at the same time, a 
fresh lot being put in when the previous supply had all become adult. It may, 
therefore, be taken as proved that the insect can be the cause of the complete loss 
of the mango crop. How far it actually does cause such loss in practice in tins 
mango growing area at Ratiiagiri has already been studied above and will be consi- 
dered further in connection with the treatments designed to exclude its influence 
on a large gicale. 

Flower mildew op the mango. 

The possible importance of any mildew or other fungus in the falling of the mango 
flowers and fruits does not seem to liave been fully recognised by previous workers 
on the subject. The fact that a mildew does occur on the mango inflorescen(*.e was 
noted ill 1021 in Mysore ^ and Patwardhaii remarks that the mildew Brysiphe, 
eichoraaeanmi did not appear in a mango garden in Thana (Bombay) in 1025. 
By tliis it is assumed that this fungus had been detected on the flower lieads in other 
cases. The fact that a fungus, resembling a mildew, is often found on fallen mango 
flowers seems, however, to be generally known and it is in fact prominent on many 
inflorescences especially during the latter part of the flow''ering season. 

It is not proposed to present here a technical description of the fungus, which 
(vas identified by the Mycological authorities at Poona as Erysi'plie ciGliommarmi 
D. C. If this identification is correct, it is the common mildew of tobacco, cucur- 
bits and malvaceous vegetables in Western India. As it occurs on the mango in- 
florescence, the powdery incrustation shows innumerable hyaline oval spores, 
sticking to each other and forming clusters (Plate IV). A transverse section 
of the aflected part shows these spores to he borne at the tips of conidiophores 
which are divided hy cross septa into two or three cells below the spore. The 
mycelium is quite superficial and none is found in the internal tissues. 

For studying the diflerent stages of the fungus, artificial inoculations w'ere made. 
Some flowerheads were enclosed in muslin bags and thoroughly waslied witli dis- 
infecting solution of mercuric perchloride (1 in 1,000) which was immediately ^vashofl 
ofl with distilled water. Then flowerheads affected with mildew were brouglit and 
shaken violently near the disinfected flowerheads so that the spores from the former 
were blown in profusion to the latter. The bags were immediately closed. Tlieu 
scrapings were taken from the inoculated flowerheads twice every day and examined 
under the microsco]3e. The life history was found to he as follows : — 

The spores when blown off from an affected area easily stick to the hairy unopened 
flowers near the tip of the inflorescence. These germinate within five to seven hours. 


^Journal Mijmre Agri. and JfSxpt. Union, VoU III, No. I {1921). 

* patwAicdltan, Q. IS. Agn. Dept. BoiriJbay, 1924-2.^, Rage IH? (1924). 
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The germ, tube grows and within t-wo days begins to branch and form mycelium. 
The mycelium tlieii spreads profusely on the epidermal cells, which are killed by the 
feeding of the fungus and thus ^turn brown. On the fourth day several vertical 
bodies begin to appear from the mycelium. These are sporophores. On the fifth 
day, the mycelium becomes so profuse and so many sporophores with oval mature 
spores are produced that the whole of the affected surface puts on the characteristic 
wdiite apj)eai‘ance of the powdery mildew. Thus the life history from spore to spore 
is about five days. The attack generally begins from the buds at the tip of the 
inflorescence, as those being more hairy very easily catch the spores. Then it 
gradually extends on the flowerhead. Mildew also appears naturally on the tender 
vegetative shoots of the mango but the life history there is somewhat longer being 
about nine days. 

In order t<i find out other hosts of the mildew, inoculations were also tried on 
IViendi and Guvar leaves, but the mildew did not appear at all. The mildew spores 
retain their vitality for four to five days only and then shrivel up. If kept in the 
sun without any moisture, they shrivel up within four or five hours. 

This mildew has been present on the inflorescences at Ratnagiri both in 1925-20 
and 1926-27, but in both years it was not found on the first fl.nsh of flowers, but 
gradually increased in amount as the season progressed. In 1926-27 when very 
closed detailed observations were made, it may be said that it was completely absent 
from the flowers until January 1927 and even from that time until February it was 
present only in very small amount. The third flush iu February and March was, 
however, very much attacked mth it, and the variation in intensity noticed enables 
us to get some idea of the damage which it does. We may, in fact, compare the 
loss in the first flush (when neither hoppers nor mildew were present to any appre- 
ciable extent) with that in the third flush when mildew was very niucli in evidence, 
and hoppers had almost disappeared. Twenty flowerheads were investigated in 
tire former, anil ten in tlie latter flush. The results were as follows : — 



j PrOT'ORTION or SHEI) FI.OVVEK.S 


1st Finsli 1 

2nd Flush 

Com])leie I'lowora pvoduoed and o.Kinnined . 

]^rr)])ortian — 

f/. ulied k*for« fertilisation . . . . 

h. sliod afUii- fortili-sation . . . . - 

c, of riiioned mature f ruit .... 

(Mildew absent) 

Per cent. 
r):P.T 

0*28 

(Mildew ])resen,t) 

852 

Per eont. 
i til -5 

1 :i8-4 

i 0-12 


IIcTe we liave, therefore, some, though not conclusive, evidence of tire parf which 
mildew talcos iu the loss of flowers and young fruits, for the proportion of fruits 
ripened per 19,000 flowers is reduced, from 28 to 12 or by 43 xier cent. The stage at 
whieli this increaseil loss fakes place is better shown by the following figures, which 
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indicates the proportion, of the remaining flowers and fruits after tlie previous loss 
has taken place which shed at the succeeding stage 



1st .Flush 
(Mildew absent) 

2iid FIuMi 
(Mildew [)n!sciit) 

Complete flowers produced and examined . 

2,151 

S52 

Proportion— 

Per cent. 

Per cent. 

ft. of complete flower shed before fertilisation . 1 

' 53'5 

()1*5 

b. of fertilised flowers shed before fruit is 0'4 cm. 1 


95' 1 

in diameter. | 



c, of fruit ()'4 cm. in diameter shed before 1*5 cm. 

77*0 

75'0'' 

in diao'eter. 



d. of fruit 1'5 cm. in diameter shed before maturity i 

77*0 



Thus it is quite clear that the loss due to mildew affects the flowers before fertilisa- 
tion, and the fruits in the youngest stages. If these latter reach 0*4 cm. in diameter 
the mildew can do them no further harm. In the early stages it does seem to be a 
very important agent in increasing the loss of flowers and young fruits and so seems 
of great importance. 

Direct experiments were also undertaken to determine the effect of the mildew, 
when introduced into bagged flowerheads, as described on page 227. The results 
on the flowerheads so treated (ten in number in 1025-26 and 40 in number in 1026-27 ) 
were compared with a similar number bagged but not inoculated, with the following 
results. 

Table XVL 


of inoculating flotverlieads with mildew {Bagged heads). 


— 

Fr/)WJSH.S .SHKD PKE 100 
COMPLETE FLOWERS FORMED. 

Ripe Fruits 

Shed before, 
fertilisation 

Shed after 
fertilisation 

complete 

flowers. 

1925-26 



Per cent. 

Per cent. 

Per cent. 

1. Inooluted with mildew . . 



60*1 

33*8 

0*10 

2. Not inoculated , . . 



54-0 

45*8 

0'22 

1926-27 






First flush 






1. Inoculated with mildew . 



87*9 

12*1 

No fruits. 

2. Not inoculated 



87*5 

12-3 

0-15 

Second flush. 






1. Inoculated with mildew 



85*0 i 

14*2 

0-12 

2. Not inoculated 



82*3 

17*5 

0*17 

Third flush. 






1, luociilatad with mihlew 



91*5 

8-5 

No fruits. 

2. Not, inoculated 


. i 

70*3 

... 

O-IS 






PLATE V, 






P, V. WAGIiE 


239 


Tke nninocnlated iiower heads were not always entirely free from mildew, hut 
they always, of course, had much less of the fimgiis present than the inoculated 
flower heads. In the first flush of 1926-27, mildew was entirely. absent and in the 
second flush it was only prcvsent in very small amount on the iion-inoculated heads. 

These figures, resulting from intensive inoculation with the mildew, show the 
possible effect of the fungus in a really serious attack. Under these circumstances, 
it will be seen that, even excluding other influences causing loss of fruits, the mildew 
was capable of completely destroying the crop, — as occurred in the first and third 
flushes of 1925-27, or in other cases of reducing it by one third (second flush of 1926-27), 
or ])y more than one half (1925-26) in two separate cases. 

Effect of insecticidal and fungicidal treatment. 

The methods designed to keep ofl the attacks of the hopper and the mildew 
above described have been already detailed (Page 226). They consisted of 
repeated sprayings with either Fish oil soap solution (against the hopper) or 
Bordeaux mixture (against the mildew) or with a mixture of both these. 

The efficiency of these treatments was not complete. So far as the hoppers %vere 
concerned each spray with the flsh oil soap solution completely destroyed any 
nymphs of the jassid hopper w-hich were on the inflorescences at the time and either 
killed or drove away the adults which w^ere present. Within three or four days, 
however, — when the insect was abundant,— -a few nymphs were again noticed. 
This number tended to increase, and before the time of the next spraying, — ^which 
occurred during the second, flush at intervals of from eight to fifteen days, the 
nymj)hs were again fairly numerous on the flower heads. Naturally, as the inflores- 
cence becomes more mature, it becomes more and more difficult for the insect to 
lay its eggs in the rachis and in the branches of the inflorescence, and so if spray- 
ing is vigorously done, repeatedly, when the flower heads are young, the number 
of nymphs ultimately found on the head is materially reduced. But, though the 
treatment was repeated' so often, the flower heads were not maintnined anything 
like free of the jassid lioppers during the flowering. 

A similar position is found with regard to the mildew. The fungus attacks 
chiefly, if not entirely, the very young parts of the flower head at the tip of each 
branch of the inflorescence. If it is then sprayed with Bordeaux mixture, the 
mildew is killed, but rapidly reappears on portions of the inflorescences which are 
subsequently foimed. So that fresh spraying is really required at very short in- 
tervals. So that the new growth may be protected before the mildew has time to 
attack it. This is not, of course, entirely possible and repeated sprayings at intervals 
of fj-om seven to fifteen days is the best that is practicable. It must be recognised, 
however, that the treatment does not entirely prevent mildew, bnt it certainly 
reduces it very largely. 

The actual results of these treatments can be best judged by the figures obtained 
with tre ted flower heads in both 1925-26 and 1926-27. In the first year no hoppers 
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were found and lienee tlie comparison in that year is as to i4ie effectiveness of the 
treatments in preventing loss by mildew, or by other nnrecogivised caiiscis which 
accompany it. 


Table XVII. . 

Ef(?ci of treatments in presence of mildew onlyt 1925-26. 



Flowers siiEo per 100 

COaiPLETE FLOWERS FORMED 

Ripe fruits 
per 100 
conijdete 
flowers 

Shed before 
fertilisation 

Shed after 
fertilisation 


Per cent. 

Per oont. 

For cent. 

L Without treatment . 

3S-4 

00-S 

0-77 

2. Sprayed witli Bordeaux mixture 

42-0 

,502 

0-93 

3. Sprayed -ttuth Fi.sli oil soap solution 

48-8 

507 

0-47 

4, Sprayed ndtli eoinbinod s^iray 

49-1 

.50-0 

0-23 


When, therefore, these sprays are used in tlie presence of mildew, they all cause 
an increased loss of shedding before fertilisation and this would perhaps not be 
imexpected. The loss by shedding after fertilization proved itself greater wherever 
h'ish oil soap solution was used. Taking the percentage of loss on the aHiial flowers 
fertilised, the figures of shedding were as follows :~ 

Per coat. 

1. Withoub treatinenti . . ... . . . . . 98’7 

2 . With Borrloaux mixtiiro . ... . . . . . 98-4 

9- With Fish oil SOUR solution. . . . . . . . . 99'2 

4. With combined sprtiy . . . . ... . . . 99*4 

The difference is not, however, very great, and the real cause of the difference in 
the number of fruits ripened is the difference in the loss before fertilization— 
except that the luitreatcd flow’^er heads, which lost relatively less before fertiliza- 
tion, had a larger loss after this had taken place. 

In the second year (1926-27) there was jiraetically no mildew^ on tbe S(?cond flush 
and hence we have merely to consider the effect of the spraying treatments in the 
presence of Jassid lioppers. This is shown in the following figures : — 
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Table XVIir. 

Effect of treatments in presence of hoppers only, 1926-27. 


— 

1 Flowees shed pee 100 

1 complete ELOWEES EORMEI) 

Ripe fruits 
per 100 
complet(* 
llnwcrs 

Shed before i 
fertilisation i 

Shed after 
fertilisation 


Per cent. 

Per cent. 

Per cent. 

] . Withont treatment . . . . 

G2-G 

37*2 

0-24 

2. Sprayed with Bordeaux mixture 

72-5 

27-.3 

0*24 

iSprayed with Plsli oil soap solution . 

G9*5 

30-1 

0*39 

4. Sprayed with combined .spray .... 

74-7 

250 

0*23 


Here, tlierefore, when these s];)rays are used in presence of hoppers only, that 
is to say, when the insects are partiatty suppressed during the flowering — ^the effect 
of all the sprays still shows an increased shedding before fertilisation. It would 
seem, in fact, that all the sprays when used with flowers which have been weakened 
by the insects, cause a greater number to drop off before they are fertilised. 

After fertilisation there is less shedding wherever the material (Fish oil soap 
solution) which is supposed to check the hoppers is used, a.s is shown by taking the 
percentage of loss of actual flowers fertilised as follows : — 

Por cent. 

L Witlvont treatment . . . . . , . . . . 1)9*4 

2. Witli Bordeanx mixturo ......... lyfri 

:j. With Piah oil soap .solution . . . . . . . . 9S‘7 

4. With combined spray . ... . . . , . . 9 S '7 

The. increased shedding of the unfertilized flowers more than neutralises with the 
combined spray, the advantage gained with those fertilized and the young fruits. 
With the Fish oil soap solution only, the difference shows cpiite clearly in a consi- 
derable increase in the number of fruits ripening. 

We can now consider the effect of the treatments in the presence of mildew only 
by studying the third flush of 1926-27, for at this time the' hoppers had practically 
disappeared, while mildew was very severe. Under these circumstances, the fol- 
lowing figures were obtained. 
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Tab^e XIX. 

Effect of treatments in fresence of mildew only, 1926-27. 



PliOWEBS SHlsn FEB 100 

I COMPLETE FLOWEftS FOEMBB 

Ripe frmt.s 
per 100 
complete 
flowers 

Shed before 
fertilisation 

Shed after 
fertilisation 


Per cent. 

Per cent. 

Per cent. 

1, Without treatment . . 

61*5 

38*4 

0*12 

2. (Sprayed with Bordeaux mixture , 

62*1 

37*5 

0*40 

3. (Sprayed with Pish oil soap solution 

57*1 

42*7 

0*23 

4. Sprayed with combined spray 

02*5 

37*5 

No Fruits. 


Uader these conditions of high, mildew attack, without the presence of hoppers, 
the treatments (except that with Fish oil soap solution, which cannot at present 
be accounted for) seem to have had little effect on the loss before fertilisation. If 
any thing, the amount of loss at this stage was increased as in the previous cases. 

After fertilisation, there is distinctly less shedding with the treatment with 
Bordeaux mixture, which was used specifically to check the mildew, as is shown by 
taking the percentage of loss of actual flon?ers fertilised, as follows : — 

For cent. 


1. Without treatment . . ..... . . . 90*7 

2. With Borcleaiix mixture ... . . . . . . 98*9 

3. With Pish oil soap solution . . . . . . . . 99*3 

4. With combinerl spray . . . , . . . . , 100*0 


The checking of the fungus attack, when this latter was very active, has led in 
fact to raising the proportion of fertilised flowers which come to maturity by a 
substantial amount. The number has been raised to three times that in the untreated 
flowers heads. The fish oil soap solution, whether alone or as a combined spray, has 
been of much less use, and in the latter case the whole of the fertilised flowers fell 
without forming fruits. 

These figures show very clearly the very important part played by mildew, 
when it is present, in causing the fall of flowers, and particularly of fertilised flowers 
and very young fruits. But it is equally obvious that it is not, by any means, the 
chief cause of the fall even of fertilised flowers and young fruits, — and while it 
may reduce the crop from a flush to one third its normal amount, there is an enor- 
mous shedding to account for, independently of any mildew attack. 

But this extra loss due to mildew is of very great importance, and may obviously 
make all the difference between a profitable flush and one which is a financial failure. 
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So far the treatments described were applied to a number of flowerlieads which 
were separately kept under observation. But at the same time, the treatment with 
Fish oil soap sohition was applied to whole trees, — half the tree in each case being 
kept unsprayed. We can thus compare the number of ripened fruits per hundred 
flowerheads on the two halves of the same tree, and thus get a reliable measure of 
the effectiveness of the treatment. The results were as follows, the trees being 
sprayed as frequently and at the same times as described on page 226. 

Table XX. 


Effect of spraying whole trees on fruit ripening. 



Number of 


1926-27 



flower heads 
on half tree 

Number of 
fruits 

obtained on 
half tree 

Number of 
of fruits 
per 100 
flower heads 

Percentage 
increase by 
treatment 

1st tree. 





1. Unsprayed 

950 

197 

20-6 


2. Sprayed with Fish oil soap solution 

688 

152 

25-8 

25-4 

Siid tree. 





1. Unsprayed . . . . 

784 

225 

28*7 


2. Sprayed Avith Fish oil soap solution 

430 

141 

32-8 

14*3 


Other tests made by spraying some trees in a garden and comparing them with 
iinsprayed trees in the same garden gave an increase of fruits 31*9 per cent, and 26*0 
per cent., respectively. But too much stress should not be laid on these figiues, 
as trees differ so much in their individual capacity to bear. Enough has been found, 
however, to show that by spraying in the manner suggested through the hopper season 
at Katnagiri, the number of ripened fruits can be increased by from 14 to 25 per 
cent, and possibly by more than this amount. 

Influence of other factors on mango flower and fruit shedding. 

As already stated, the popular idea is that the loss of mango flowers and young 
fruits is much increased by cloudy, wet, or dewy weather during the flowering season. 
Hence an attempt was made to see how the fall of flowers and young fruits was 
aft'ected by excluding any rain or dew which might fall on the inflorescences. To do 
this, five flower heads during 1926-26, and ten flower heads during 1926-27 were 
protected above with a glass plate, so that any moisture falling on them from above 
was excluded. 





2i‘l yTUJDiiiri IN a'HE shiiiddIng of Mango floweiis and eiuju's 

Only llie records for .1.920-27 liuve been kept completely. .In tliis year a full 
record of the rain and dew was maintained. Dew was common in February and 
Marcln but no rain fell tluroiigbout the howeriug season. The performance of the 
protected fioworheads as compared with controls cither on the same trees or in. the 
hnmediate ueighhoinhood was as follows : — 


Table XXL 


fSheddhifj oJ‘ Jtowera and ymmg fruits proleckd from ram and dew. 



Nuuiber of 
complete 
llowers 

FLOWJSaS SHKl) I’liB 100 
COairLlSTK li'LO WEBS 
EOltMEU 

Pipe fruits 
per 100 
eompleto 
llowers 

Wbed before 
fertilisation 

.Shod after 
fcrtili.siitioii 



Per cent. 

.I’er cent. 

Per eeut. 

1. VV'itlioufc prutoction , . . 

2,lol 

53-5 1 

Jl)-3 

0-2S 

2. Protected vitli ylass covers . 

2,137 

(iy-8 

20-9 

0-28 


Thus, ii'oin these figuresj it will be seen that the final ^n^odnetion of ripe fruits 
was not altered by the protection given. The presence of the cover seemed to 
reduce the number of fertilised flowers and young fruits which were shed, but, on 
the other hand, tended to increase the shedding of the flowers before fertilisation. 
There is, however, no evidence that under the conditions of the lust season, such 
protection as that given was of any great advantage, This is in agreement with 
results obtained by FojDenoc^ in Florida. 

The only other cause of the variation in the shedding which has been suggested 
is the want of assimilated plant food and possibly also of water, and attempts have 
been made in both the seasons under record to ascertain whether the application of 
irrigation during the flowering season to trees, or the addition of concentrated manures 
applied in trenches round the trees, made a very substantial difference to the yield 
of fruits per 100 flower heads. The results in both cases are, the author feels, vitiated 
because of the very large variation from tree to tree in all cases. It is true that, on 
the average, each of these treatments, with irrigation or with concentrated manures, 
raises the number of fruits produced per 100 flower heads. Thus, in 1920-27, taking 
the record of three trees, irrigation raised the number of fruits per 100 flowe]- heads 


^ Eopenoo, W. Manual of Tropical and yub-Tropicai Fruits, 1920. 
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from 20 to 37, but tlio uctuai number of fruits per lUO flower lieatls wore in eaeli 
of tiio three ca.s()s 

] . J iTigiited trees . . ... . . . . . -J-ij, 21 uiid 44 

2. Unirrigated trees . . . . , . . , 41, 21.) and 27 

So tliiit it is very doubtful wiiotlier the diiorenoe is due to the irrigutioii at all. 
Similar vitiation of tiie results lias l)eeii tlie case in tliosc trees wliere coiu:eiilnite<l 
manur('s liuve been used, and we are comxjelied to leave furtlier investigation of tlic 
matter to tbc next year. 

CtEKEKAL CONCLUSIOKS. 

GObe autlior feels that tlie results of tbis investigation, so far as tliey liave gone, 
bave omxdiasised the very great loss even of complete flowers, wbicb normally takes 
})lace in mango flowering. That loss, including tbe cases where the flowers fall 
before fertilisation and those where young fruits are shed, amounts nomially, with 
the iUjihonso variety of the mangoes at Eatiiagiri, to over 99 jier cent, of the com- 
plete flowers formed. In some years, as in 1926-27, the loss was in ail cases subs- 
tantially over 99 '5 xier cent. 

So far as almost the whole of this loss is concerned, the iiivesitigations made have 
so far not revealed any cause for the falling of the flowers and fruits. Only a very 
small xiroportion of the flowers in certain flushes, at any rate, showed any recog- 
nisable outward symptoms which would have suggested that they were likely to fall. 
These recognisable canses were mildew and certain black spots on the flower and 
fruit stallcs and on the fruits, the nature of Tvhich was not identified. But both 
these classes of symxfloms were jnesent in so small a proportion of cases, that it is 
evident that they were very minor elements in causing flower and fruit shedding in 
the mango. 

The cause of by far the largest xnoportion of the loss of mango flowers and young 
fruits, therefore, remains a mystery. But there are two clear causes which are able 
to aflcct very materially the quantity of fruits, small though it be, which actually 
ripeii.’^ So far as the experiments show, the jjresence or absence of rain or dew is 
not one of these, though this matter still needs further investigation. But the 
well Iviiown Jassid hoj^per, the chief sj)ecies of whkdi at Ratnagiri is Idiocems 
uiveospafsus, and the mango flower mildew, which belongs to a form of Enjuiflie 
whicli has not been fully studied, both affect very materially the propoition of 
com])lcte flowers which ripen into fruits. 

At Eatnagm, however, the first flush of flowers in November and December seems 
normally free or nearly free from both these enemies, the second flush in January and 
early Februar}^ usually has abundance of hoppers and a small amount of mildevr, 
while in the third flush in late February and March, the hoppers are much less 
abundant, but the mildew tends to get worse and wmrse. In some years, as in 1925-26, 
the hoppers were very rare throughout the season. 
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Any attempt to check these two enemies by spraying, even repeatedly and. at 
short intervals, has been only very partially effective in ke(',ping the dower h(;a,(is fre(^ 
of them. The reinfection of inflorescences which have been eleiired ol' hoppers by 
fish oil soap solution was almost immediate and as the greater part of thi'. damage 
is done by the nymphs, they were able to afl’ect the flower hearl materially before 
the next spraying took place. In the case of mildew, the attack takes place by 
preference on the portions of the inflorescences as they appear, that is to say, on the 
youngest portion. The result is the relative inefficiency of the spraying treatment, 
even frequently repeated against this also. 

But three things seem clear from the study of treatments by spraying. The 
first is that all of them cause, whether the pests and blights are present or not, an 
increased loss of unfertilised flowers, though they may lead to a reduction in the 
amount of fall in flowers after fertilisation. In the absence of disease, the total 
effect of the sprayings is negligible. 

The second is that the spraying with Bordeaux mixture lus been elfective in 
increasing the percentage of success in ripe fruits wlicn mildew is present by 21 
per cent, in 1925-26 and by 230 per cent, in 1920-27. In presence of mildew 
(hoppers being absent), spraying with fish oil soap solution seemed distinctly 
harmful in 1925-26, while the result was doubtful in 1926-27. 

The third result is that, in presence of hoppers spraying with fish oil soap solution 
increased, in the flower heads under detailed examination, the yield of rijie fruits 
by 62 per cent, in 1926-27. A combined spray of Bordeaux mixture and Fish oil 
soap solution was not effective even against hoppers. 

The work will be continued in the next two seasons, with the chief object of, on 
the one hand, finding an effective method of controlliiig the hoppers and mildew 
under the conditions of attack which have been descuibod, and, on the other, of trying 
to trace further the cause of some at any rate of tbe loss of complete flowers which 
leads, at present, even under the most favourable circumstances to a shedding over 
99 per cent, in the principal commercial variety of mango at Katnagiri. 
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APPENDIX I. 


The composition of forty nmngo infiorescences in 1925-26, 


Comi)Iete 

flowers 


Total No. 
of- flowers 

Male flowers 

. 550 

313 

1,147 

919 

2,823 

2,432 

600 

344 

. 492 

432 

3,549 

3,307 

1,195 

991 

1,186 

957 

338 

309 

. 7S9 

593 

. 3,129 

2,867 

. 1,555 

i 1,015 

508 

327 

2,540 

2,470 

2,080 

1,975 

970 

734 

56 

25 

369 

304 

354 

190 

147 

144 

151 

98 

. 206 

138 

834 

565 
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The Gomposition of f arty ina^iyo injlorescemes in l92S-26-~--GorM.. 



Total No. 
of flowers 

Male flowers 

Complete 

flowers 

Percentage 
of complete 
flo’wers 

24 




282 

240 

42 

14*80 

23 




279 

161 

118 

42*29 

26 




971 

835 

116 

11*9 

27 




302 

249 

153 

30*47 

28 




1,399 

945 

654 

40*9 

29 




318 

233 

283 

55*01 

30 




2,454 

1,838 

616 

25*0 

31 




573 

499 

74 

12*09 

32 




1,384 

1,138 

466 

29*4 

33 




481 

415 

66 

13*74 

34 




959 

868 

91 

8*48 

35 




448 

298 

150 

33*48 

36 




20 

15 

3 

25*0 

37 




917 

829 

88 

9*59 

38 




2,096 

1,591 

605 

24*09 

39 




663 

402 

261 

30*9 

40 



• i 

1,465 

1,046 

419 

28*60 



